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WHAT A MAN IS MADE OF 

The chemical contents of a man weighing ten stone It will be noticed that watei, which consists of hydiogen 
and oxygen^ is the chief constituent, namely about fifty-mne pei cent bv weight The total cost of the vaiious 

ingiedients would not be moie than a few shillings 



INTRODUCTION 


T his work deals with the most vital of all subjects in a frank and honest way 
It IS exact but not exacting If the following pages cannot say what hie is, 
and can only suggest what it means, they reveal the myriad ways in which 
It functions They therefore fulfil an exceedingly important and practical purpose 
The story told is entirely worthy of the word “ miracle,” with its suggestion of 
an impossibility made possible, as it were, though the original Latin term from 
which It IS partly derived means nothing more than “ something wonderful,” which 
every phase of life most certainly is As to the dictionary definition of life, it 
cannot be said that it helps us very much It is dull and colourless “ That state 
of an animal and a plant in which it is capable of performing its natural functions ” 
IS scarcely more enlightening than telling an ignorant person that a ship is a ship 
Perhaps we shall not be far wrong if we regard life as the supreme expression of 
energy, and man the highest example of it 

We know much about the marvellous and intricate mechanism which enables 
the reader to peruse and understand these words and the writer to pen them, but 
of the vital spark, as the Greeks called it, which imtiated and carries on the process 
we are entirely ignorant That remains the riddle it has always been If Dawn 
Man were capable of sustained thought, which is doubtful, the enigma must have 
puzzled him, as in all probability it will vex the mind of the world’s last thinker 
as his body stiffens with the rigors of the final Ice Age 

This has not prevented searchers after truth from peering into Nature’s secrets 
and discovering a very great deal Rather has it been an incentive to effort The 
failure to find out what life is has urged the Paul Prys of science to seek out and 
explain its manifestations Thwarted in one direction, they have triumphed m 
many another, with the result that biology — the science of life — has taken its 
stand with the giants of knowledge Painfully trudging along the thorny path 
of trial and error, it has turned stumbling-blocks into stepping-stones Already 
It has made the crooked straight and the rough places plain in many directions, 
and the process gathers momentum as it proceeds 

Of the practical value of biology there can be no dispute It is helping man 
to understand not only himself but also the other animals, plants and lowly 
creatures that share the secret and relentless urge of being Each is linked m the 
endless chain of life Single-celled amoeba emerging from primeval slime, and 
many-celled man crossing the once inaccessible Poles in a device of his own 
fashioning that rivals the birds, come within the wide sweep of its comprehensive 
orbit Miracle we call it Thtre should be a more emphatic word for so mighty 
a drama 

It IS a tremendous theme, replete with what would appear to be plots and 
counterplots By the simple and apparently effortless device of splitting into halves, 
an amoeba can multiply itself under favourable conditions to sixty-eight thousand 
five hundred million m a day and a half The speck of life does not, in fact, 
increase at the rate stated, for it resembles man in that it has enemies It is 
precisely m this problem of capture or be captured that biology is most valuable 
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INTRODUCTION 


The philosopher has a hinidess honzon, and it may well be that all things work 
together for good, but for immediate purposes the whole creation groans by reason 
of persistent warfare, waged both withm and without the body “ Life is a fight ” 
IS one of the oldest of proverbs The sage who discerned it spoke truth 

Often enough it has been a very one-sided fight Man’s implements of warfare 
have destroyed no more than the mosqmto earners of malana and yellow fever 
The discovery of the culpnts is comparatively recent The anopheles mosqmto 
may have brought about the fall of Ancient Rome In more recent history it 
caused the failure of De Lesseps in his ambitious attempt to dig the Panama Canal 
Thousands of men penshed m the great unfimshed ditch, and ,(^50,000,000 sterhng 
was irretnevably lost At the time the death-roll was attnbuted to climate, which 
has been blamed too often for offences it has never committed Before the task 
of reconstruction was begun by other hands and another nation, the real enemy 
had been discovered, with the result that the Umted States succeeded where 
France had failed 

The plague which raged m London m 1665, regarded as a visitation of God for 
man’s ivickedness, was in all probabfiity caused by the fleas of rats London is 
no longer subject to such a scourge because of improved sanitary conditions, 
greater personal cleanhness and precautions taken by the authorities Knoivledge 
provides both "weapons and armour, is at once attack and defence Even now 
the destruction wrought by rodents is staggering Locusts are not deadly to 
man, but they remain as serious a menace as in the far off days of the ten plagues 
of Egypt Recently they ate their way through eighty thousand acres of ivheat, 
millet and maize in one country alone, and not a year passes without their 
becoming front page news in some part of the world 
Ignorance and rmsplaced enthusiasm have wrought untold harm The 
pnckly-pear, mtroduced into Austraha as a novelty, spread so rapidly that it 
invaded territory like a victorious army A few pairs of rabbits ivere taken to 
the island-contment m 1860 and became a menace of alarmmg proportions 
First ferrets were used for the purpose of reducing the numbers, but it was found 
that they also kiUed sheep Then foxes were tried, but they mated ivith the 
native dmgoes, producing a race which also attacked sheep The sourge is now 
being fought mth a virus What consolation there may be in the fact that 
rabbits are eatable by man does not obtain ivith the pnckly-pear, though Luther 
Burbank succeeded in producing an edible vanety Fortunately it was discovered 
that certain insects appreciated the objectionable vegetation, ivith the result that 
milhons of acres have been reclaimed ^ 

This biological control, as it is called, is not ahvays possible, and what is good 
in theory is not necessanly so in practice The cure may be worse than the disease, 
but It does not need a vivid imagmation to picture the immense amount of human 
suffering that was endured before man came out of his mental cave and determmed 
to confront what he had hitherto regarded as an inevitable destmy Faith and 
foUy are near relations, as are fact and fancy 

Ignorance is not bliss It is mere foohshness if the means of knowledge are 
available The expert no longer keeps his dearly bought secrets to himself, and 
at long last scientific jargon is regarded as a crime In this book much that has 
puzzled IS explamed in the simple way that is the supreme test of learmng There 
IS plam speakmg, but that truth always demands 


Harold Wheeler 




BYRD ANTARCTIC EXPEDITION II 

BIRD LIFE IN THE GRIM ANTARCTIC 

Life even penetrates the ice-capped wastes of Antarctica, though there aie no land mammals Among the 
few species of birds on the frozen southern continent are petrels and Emperor penguins, shown above 


THE DAWN OF LIFE 


W ITH the possible exception of the Poles, 
life IS found on every portion of the 
earth’s surface, and even for some short 
distance penetrating its crust There is life, 
animal or vegetable, miles up the mountain 
side, and on the ocean bed miles below the 
surface There is active life in the burning 
desert, and latent life, wanting only warmth to 
activate it, within a block of ice Life m every 
conceivable form — the hermit and the herd, 
the giant and the pigmy — ^is on every hand 
Temperature is the dominant factor control- 
ling life Within the hot equatorial belt life 
swarms and multiphes m prodigal profusion, 
it decreases steadily, both in variety and m 
individual forms of expression, as we travel 
north or south 

Not that one needs to fly from Pole to Pole 
to appreciate the amazing richness of life We 
can see its most startling extremes within the 
narrow confines of the village street Here 
comes a shire horse back from work He stands 
at the shoulder as high as an average man One 
can almost feel the vibration made by his ton 
or more of bone and muscle as he leisurely 


plods along the road He stops, and plunges 
a hoof into a nearby pond By doing so he 
disturbs a whole world of swarming life 

In the Natural History Museum of New York 
stands a glass case one cubic yard in size There 
IS always a crowd surrounding this case, and 
well there may be No imaginative wTiter or 
painter, past or present, has ever envisaged 
anything like this exhibit, though many may 
have borrowed from it It seems to combine 
the thrills of the liveliest jungle film with the 
eccentricities of the most outlandish dreams of 
Mars 

Here are trees and shrubs worthy of the coal 
forests, festooned with creepers of nightmare 
design Within and around all these extra- 
vagances is seen a medley of living forms that 
make the plants seem ordinary by comparison 
That the whole display is wonderfully presented 
in coloured glass — ^representing years of patient 
labour and research on the part of many men — 
adds still further to its dreamlike quality It is 
this, coupled with the knowledge that the 
exhibit IS a simple statement of fact and no mere 
invention, which doubtless holds the attention, 


9 


10 


THE DAWN OF LIFE 


and excites the admiration of the motley 
gathering of human beings For this exhibit 
represents one cubic centimetre of ordinary 
pond Mater ' 

Eveiv day of the year our great libraries 
gather to themselves scores of volumes, pamph- 
lets and other pubhcations dealing ivith the 
visual world around us But rvhile every hour 
sees some formei mystery explained, there still 
remains one outstanding question yet un- 
ansM ei ed, though not of necessity unansiverable 
Hoiv did it all begin ^ When we have traced 
life back through the records of the rocks, until 
M^e have come to its loM'est denominator, a 
populace of minutest orgamsms neither plant 
nor animal, ivhat then^ 

MYSTERIOUS BACTERIUM-EATERS 

Life as rve knoiv it may one day emerge from 
the laboiatory The actual driving pmver 
which ive call hfe is not essentially different from 
that operating the most obvious physical and 
chemical happemngs of inorgamc matter 
Life differs from such only in its power to 
reproduce itself, and to reproduce itself 
over an infimtely ivide range of conditions 
It is not bound ivithm the narrow limits 


M'hich are set to the bmlding of a crystal or a 
mountain 

One of the latest theories regarding the origm 
of life relates to the action of bacteriophages or 
bacterium-eatei s A bacterium-eater is an 
orgamsm about one ten-thousandth of a milli- 
metre across The fact that such a speck of hfe, 
or almost hfe, is too small to be seen by the most 
poM'erful microscope throivs no doubt upon its 
actual existence 

NO LIFE IVITHOUT SUNLIGHT 

If some of the flmd from an outgroivtli, such 
as a blister caused by foot and mouth disease, 
be sieved of all matters visible to the microscope, 
and the lesultant fluid injected into healthy 
tissue, trouble folloivs Something living, even 
though immeasurable, must be in the fluid, and 
that something has been named a bacteriophage 
Such an inconceivably small entity can only 
thrive M'hen living upon live bacteria Then 
it multiplies exceedingly 

Scientists are still at variance as to precisely 
M'hat a bacteriophage is It cannot be called 
ahve until confionted ^\^th a bacterium, yet 
It is not stnctly dead Possibly some such 
orgamsms, under the action of sunlight, which 



THE MIGHTY AND THE MINUTE 


CHARLES A HAMILTON 


The extienies oj existence can be appi eciated within the confines of a village stieet, as when a hoise weighing 
perhaps a ton plunges a hoof into a pond and disturbs a whole woild of swarming life 



THE DAWN OF LIFE 


11 



MON DIALE 

AT THE BOTTOM OF THE SEA MILLIONS OF YEARS AGO 
Some of the common but vat led types of life which flourished at the bottom of the sea dui mg what is known 
as the Devonian Age Reconsti acted fwm fossils that were once living oigamsms 


ultimately alone makes any form of terrestrial 
activity possilile, may supply the ansiver to an 
as yet unansw ered question 

Napoleon thought that life itself was brought 
about by the action of sunlight on mud 
Prof J B S Haldane has suggested that an 
ultra-violet radiation in the earth’s early history 
might have led to the synthesis or combination 
of 01 game compounds of high molecular weight 
which might be an important step in the 
generation of life 

“ The ether pulsates with life,” writes Sir 
Ohver Lodge, “ but we cannot perceive it 
Life is revealed to us when it enters organs that 
for one reason or another are sufficiently 
receptive The material body in which hfe is 
displayed to us may take many forms Life is 
so eager to proclaim itself that it may just as 
easily assert itself m a flower struggling for 
existence on a refuse heap as in the person of 
gemus ” 

GREAT MINDS DIFFER 

“ Though inorgamc phenomena do not do 
so,” asset ted Lord Kelvin, “ yet the phenomena 
of such living things as a sprig of moss, a 
microbe, a living ammal — looked at and con- 
sidered as matters of scientific investigation — 
compel us to conclude that there is scientific 
reason for believing in the existence of a creative 
and directive power ” 


On the other hand Sir E Ray Lankester 
held that ive cannot know “ or even can hope 
to know or conceive of the possibility of know- 
ing,” whence the mechanism of nature “ has 
come, why it is there, whither it is going, and 
what there may or may not be beyond and 
beside it which our senses are incapable of 
appreciating These things are not ‘ explained ’ 
by science, and never can be ” 

WHAT KEEPS LIFE GOING’ 

The fascinating speculations of scientists such 
as those cited above deserve attention and study 
As Dr Julian Huxley has said, “ To be im- 
patient with the biochemists because they are 
not producing artificial microbes is to reveal no 
small Ignorance of the problems involved 
We rightly praise the skill of the chemists who 
bmld up dyes and drugs to order, but to build 
up living matters, substances as complicated as 
their highest achievements in synthesis would 
have to be used as the basic bricks In any 
attempt at making living matter, we begin about 
where the modern organic chemist leaves off, 
and we begin more than a thousand million 
years of evolution behind contemporary living 
cells ” 

In attempting to deal with some of these 
primary matters in reasonable order, there 
occurs another question, the answering of 
which has involved a vast outlay in ink and 
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LLUOTT AVD I R\ LTD 


APOSTLE OF VITALISM 
Henn Beigson, author of “ Cieative Evolution,” 
and a winnei of the Nobel Prize for literature 

considerable confusion of thought Accepting 
the fact of life having started, what keeps it 
going ^ Above all, what keeps it going in the 
manner ivhich it apparently does, on a gradually 
ascending gradient^ Having estabhshed itself 
as a woild populace of bacteria, ivhy did it not 
stay there ^ 

We shall see in due course how the simplest 
forms of life gave rise to ever more complex 
forms The manner in which such marvels 
transpire can at least be studied in detail, and 
set forth m clear and systematic fashion But 
neither evolution, nor the simple explanations 
offered by many creeds, savage or civihzed, will 
satisfy all, the world holds too great a diversity 
of men and of thought 

BERGSON’S “VITAL URGE” 

In 1907 there appeared a very remarkable 
book entitled Creative Evolution The author ivas 
Professor Henri Bergson, a winner of the Nobel 
piize for literature and a distinguished member 
of the French Academy Cieative Evolution was 
an exqmsitely poetic word-picture of the march 
of progress, begmmng m the darkness of a new- 
born world, and ending with the emergence and 


struggles of mankind It crystallized the 
author’s philosophy of hie, \vhich is that 
duiation, change and movement are the only 
realities, that life is identical \sith time and 
change, and that we appieciate both, not with 
our eyes, ears, and possibly biains, but by 
mtiution, whatever that, in this connection, 
may imply 

The author summed up Creative Evolution and 
its philosophy in the phrase elan vital The vital 
urge or impetus explains everything — ^why 
potato plants do not produce pineapples, why 
a lion eats meat, why Jones becomes a bank 
clerk instead of a tight-rope walker It is hke 
being asked why a dog runs, and replying, 
qmte well-meamngly “ Because it must ” 

THE ACID TEST OF SCIENCE 

This same idea of a mysterious force making 
living things behave m their various ways, each 
according to its kind, has occurred to more than 
one plnlosopher Mr George Bernard Shaw 
showed It to us as “ the Life Force ” m the 
preface to Ins Man and Superman, published in 
1903, and both the Life Force and the elan vital 
were interpreted over a century ago by Schopen- 
hauer m Ins World Will and as Idea and The Will 
in Nature 

Such conceptions of life do not appeal to the 
scientist He is concerned i\ath facts alone 



SPENCER ARNOLD 

INVESTIGATOR OF NATURE 
Baton Kelvin (1824-1907) believed in the existence of 
a creative and dii active power 





CHARLES R I SIGHT (mOSDIALE/ 


FORMER DENIZEN OF THE WILD 

The mastodon, one of the many animals which have disappeared from the face of the earth Mass slaughter, 
superior enemies and climatic changes have brought about the extermination of many species 


WHAT EVOLUTION MEANS 


T he scientist, and perhaps most laymen, 
see the world as a place of trial and 
error, in ivhich some learn and profit 
by their learning, while others fail and are 
forgotten The lower ammals are urged on 
by necessity, civilized man works deliberately 
towards a goal 

The conception of evolution as first publicly 
pronounced and widely disseminated through 
the writings of Charles Darwin is now part and 
parcel of every scientific worker’s general belief, 
though few scientists are at complete accord 
with Darwin upon all the points he raised, nor 
m all probabihty \vill they ever be 
The average man accepts the idea of evolution 
much as he accepts the sunrise, and with 
considerably less understanding Some of the 
old tags and catch phrases so freely used during 
the great Darwiman controversy still pass 
currency To a large but probably decreasing 
number of people, the name of Charles Darwin 
stands for “ the man who invented (or dis- 
covered) evolution,” or “ the man who said 
we came from monkeys ” ^ 

That Darwin did neither detracts nothing 
from the popularity of these scraps of mis- 
information What Darwin, at cost of so much 
labour and research, did have to say on evolution 
is still as vague in many minds as what Mr 


Gladstone said in 1879, or at any other date 

Darwin was not by any means the first 
individual to appreciate that immense, un- 
broken series of natural phenomena which is 
summed up in the word evolution He merely 
used the term as a convenient one to cover a 
general trend of events responsible for the forms 
and behaviour of plants and ammals as we find 
them today, and believe them to have been m 
the past 

Centuries before the Christian era there were 
men who conceived the world around them, not 
as a haphazard dumping of ready-made plants 
and ammals on the earth’s surface, fixed and 
unchangeable according to their several pat- 
terns, but as part of an unrolling — a passing 
point upon an ever-unwinding curve This is 
the true import of the Latin word evolvere 
(to unroll), from which is derived the term 
“ evolution ” 

Some inkling of this can be traced m the 
writings of the Roman poet Lucretius, who lived 
about 98-55 b g The same thoughts, differently 
expressed, are apparent m the much earlier 
teachings of Empedocles (about 490—430 b c ), 
Grecian physician and philosopher 

That astoundmgly versatile gemus Leonardo 
da Vinci demonstrated during the fifteenth 
century to the Florentine Court that fossils were 
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WHAT EVOLUTION MEANS 



HAMILTON COLLECTION 


ARTIST AND SCIENTIST 
Leonaido da Vina (1452-1519), who showed that 
fossils weie the lemains of piehistoiic animals 

undoubtedly the remains of animals that had 
lived long ago, and which ^\ ere, when alive, quite 
different fiom any cieatures then in existence 
The mattei seems to have aioused no moie 
than passing interest But as the study of 
animals and plants, past and present, slowly 
increased, many minds conceived a qmte 
different view of the woild around them from 
that approved by the orthodox 

CHARACTERS ACQUIRED BY HEREDITY 
Neaily three centuries after Leonardo da 
Vinci, Lamarck, the famous French zoologist, 
and Darwin’s best knoivn precursor, pro- 
pounded the theoiy that the characteis acquired 
by heredity vere continually passed on, yet 
tended to change ^vlth changes in the indivi- 
dual’s mode of life Thus, the whale had 
apparently parted with its hind legs, much as 
the spider monkey had parted with its thumbs, 
from disuse Every succeeding ^vhale, though 
sprung originally from terrestiial stock, used 
what hind legs it had less and less, so these 
gradually atrophied or shiank, until ivhales 
were born with no hind legs at all The law 
apparently held good even for accidental 
characteis, a cat or a man, chancing to be 


born with six toes, Mould be likely to beget 
piogeny some oi all of ivhich might present the 
same superfluity 

Very soon aftei Lamarck’s time, the Abbe 
Johann Gi egoi Mendel elaborated this principle 
by yeais of expeiiment, chiefly ivith plants, and 
established those broad generalities of heredity 
summed up m Mendel’s lau, or Mendelism 
These are now regaided as bed rock by all 
similar expeiimenteis, including the eugenists, 
M'ho advocate the scientific breeding of man- 
kind 

LAMARCK STARTLES THE WORLD 

Lamaick startled the thinking and still more 
the unthinking uoild, by suggesting that if 
characteis acquiied by use or disuse of certain 
parts wei e gradually handed on foi long enough, 
thei e appeared anothei kind of plant or animal, 
a cieatuie with specific characters marking it 
out fiom all others This \vas the first blow to 
the school of thought m Inch believed m a ready- 
made creation 

Contempoi aiq" -with Lamarck was the Comte 
de Buffon, who tuined the Jaidin des Plantes, m 
Pans, fiom a wild beast shou and den of 
necromantic heibahsts, into the centre of 



HAMILTON COLLECTION 


NATURALIST AND WRITER 
The Comte de Buffon (1707-1788), who i eoiganized 
the Jaidin des Plantes, Pans as a zoo 



WHAT EVOLUTION MEANS 
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RISCHGITZ COLLECTION 

STUDENT OF HEREDITY 
Gregor Me/rtfe/ (1822-1884), whose bt oad generalittes 
on heredity are known as Mendel's law 


relation to food, and urged late marriage or 
abstinence as the only way to avert impending 
disaster He talked of “ the struggle for 
subsistence,” ^vhlch w'as apparently as pressing 
m leisurely 1798 as m the present hectic age 
This essay, repeatedly revised m subsequent 
editions, was widely read during the first half of 
the nineteenth century, and amongst thousands 
of others by two young men, Charles Darwin 
and Alfred Russel Wallace Both had travelled 
■widely as professional naturalists and acquired 
at fiist hand a vast amount of knoi\ ledge 
of the world of nature Both felt that the 
Lamarckian idea of new characters being 
handed on by heredity supplied only a half- 
answer to the question of how the w'orld comes 
to be peopled ivith such a multiplicity of ever- 
changing forms of life, both found m Malthus’s 
mention of “ the struggle for sulisistence ” the 
other half 

GO ON OR GO UNDER 
Animals and plants, they argued, could not be 
just turned out like living machines by then 
parents, m very slotvly changing forms, much as 
one gradually improves some machine-made 
instrument They must be also moulded by 
circumstances, which always compel a plant or 


scientific research and learning it is today 
But the success of the reorganized Pans Zoo at 
the time depended largely upon the favours of 
Court and Church, rather than on the not too 
affluent scientists, and Buffon ivas shrewd 
enough to keep his views on evolution to himself 
Throughout the history of almost all human 
actinties and beliefs it wall be found that a host 
of ivoikers may be engaged m the same field, 
often unaware even of each other’s existence, 
and so continue for decades or centuries until 
one mind ciq^stalhzes the ^vork of all, or at least 
supplies some vital factor hitherto missing, thus 
bringing about another and eventually univers- 
ally accepted order of things 

POPULATION AND FOOD 
During Lamarck’s time an English clergy- 
man, the Rev Robert Malthus, ivas much 
engaged on a subject that is still causing anxiety 
to economists — that of population According 
to him, the increase of the population -was far 
m excess of the increase of available food 
supplies In 1798 Malthus caused a sensation 
with his Essay on the Principle of Population as it 
Affects the Future Improvements of Society, m which 
he reviewed the whole question of man in 



RISCHGITZ COLTECTTON 


INFLUENCER OF DARWIN 
The Rev T R Malthus (1766-1834), aiithoi of a 
famous book on man in relation to food 
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WHAT EVOLUTION MEANS 


animal either to make the best of its environ- 
ment or go under 

A living organism that survives conditions 
proving too much foi many of its contemporaries 
\vill natuially tend to find an outlet for its 
reproductive instincts in seeking a mate of like 



HASnLTON COLLECTION 

FAMOUS FRENCH ANATOMIST 
Baton de Cuviet (1769-1832), a vigoious opponent 
of the evolutional)’ theory of Lamarck 

virility Thus parentage, urged by forces from 
wnthout, hands on unconsciously its gifts to the 
succeeding generation, and so — ^very sloivly it is 
true — new kinds of plants and animals come to 
fiass 

f This, m essence, is the meaning of the 
evolutionary theory as applied to living or- 
ganisms It IS subject to much criticism and 
Aaodification, but the broad facts of what is 
popularly and loosely termed Darwimsm remain 
unshaken 

THE SURVIVAL OF THE FITTEST 
Danwn, who had a true scientist’s horror of 
half-formed and unproven theories, kept thiq 
conception of life’s unrolling to himself for many 
years Eventually he incorporated the idea in an 
essay of thirty-odd pages, which two years later 
(1844) became two hundred and thirty pages, 


so rapidly had his knowledge and convictions 
grown Fourteen years after this, Wallace, then 
in Malaya, sent to Danvin for criticism an essay 
he had written On the Tendency of Varieties to 
depart indefinitely from the Original Type 

The genesis of this essay is most interesting 
For three years Wallace had puzzled over “ the 
question of how changes of species could have 
been brought about ” While down wth fever 
in the Moluccas he ^vas brooding on the ideas 
m Malthus’s Essay on Population when all of a 
sudden there “ flashed upon me the idea of the 
survival of the fittest ” 111 as he was he thought 

out this new theory, wTote it down, revised his 
manuscript, and sent it off to Darwin — all 
within three days 

Darwin saw at once in Wallace’s paper his 
own views only slightly differently expressed, 
and his geneious nature \vas all m favour of 
according full honours for the realization of the 
truths contained therein to Wallace It was 
only as the result of the utmost urging, almost 
coercion by eminent friends, that he gave to the 
world in 1859 his monumental work On the 
Origin of Species by Means of Natural Selection, or 
the Preservation of Favoured Races in the Struggle 
for Life 

“THIS MONKEY DAMNIFICATION” 

The work was a best-seller from the first 
Its publication gave rise to a controversy waged 
TOth a bitterness hardly credible today To 
churchmen Darwin’s case for evolution seemed 
a direct attack upon the Christian faith, many 
scientists could not bring themselves to believe 
that man was of the same ancestry as the lotver 
animals, while the ordinary educated layman 
felt there was something degrading m “ this 
monkey damnification,” as Thomas Carlyle 
called it 

It was concerning the origin of man that the 
battle — to be renewed again tvith fresh vigour on 
the publication m 1871 of Darwin’s Descent of 
Man and Selection in Relation to Sex — ^was waged 
most fiercely The scientist, the layman and 
even the divine found, on the whole, little 
objection to the notion that a hornless breed of 
sheep might in time develop horns, or even that 
a semi-starfish, provided enough time were 
allowed, might eventually give rise to such 
complex and very different looking creatures as 
an ostrich and an elephant Such theories 
were, indeed, already generally accepted 

But when it was suggested that man was 
of the same stock as the lower ammals, was bone 




SINGLE-CELLED WATER PLANTS THAT HAVE LIVED DOWN THE AGES 
Diatoms are tiny water plants or algce with a single cell enclosed by two valves of silica Some of the species, 
which number well ovei fifteen thousand, aie identical with fossil i epi esentatives of the family 


of their bone and flesh of their flesh, and pro- 
duced by the same gradual processes, the first 
shock of surpnse gave way to indignation, 
and indignation to something approaching 
hysteria 

It was felt by all save the more pronounced 
“ godless ” scientists, that even if the other 
creatures were not the results of miraculous and 
cataclysmic creation, man certainly was He 
stood alone, and to associate him with even a 
pedigree race-horse, far less a chimpanzee, was 
a direct insult to religion Did not the Bible 
specifically declare, m the first chapter of 
Genesis, that “ God created man m His own 
image ” ^ 

RELIGION V SCIENCE 

The Church took its stand on the Bible, 
Darwin along with an ever-mcreasing number 
of scientists (and, be it added, some theologians) 
took his upon the mass of evidence that he and 
others had collected to support his theory of 
evolution Thus was originated the great and 


unhappy, but entirely artificial conflict between 
religion and science 

Thomas Henry Huxley, “ Darwnn’s bulldog ” 
as he called himself, ivas one of the foremost to 
rush into the fray The meeting of the British 
Association at Oxford m 1860 found the nval 
armies drawn up in formidable array, and a 
battle royal was waged in the halls of that ancient 
seat of learmng 

BITTER CONFLICT 

When the Rt Rev the Lord Bishop of Oxford 
(Dr Samuel Wilberforce) sarcastically asked 
Huxley if he was related on his grandfather’s or 
his grandmother’s side to an ape, Huxley 
rephed that he would not be ashamed to have 
a monkey for his ancestor, but that he would 
be ashamed to be connected with a man ivho 
used his gifts to obscure truth Some time later 
Huxley wrote to a friend, “ In justice to the 
bishop, I am bound to say that he bore no 
malice, but was always courtesy itself when we 
occasionally met in after years ” 
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This IS a restiained specimen of the ex- 
changes i\ith \\hich public meetings, pm ate 
conveise, and the Pi ess ^sere full The Ape 
veisus Angels contiovei-sv, as some called it, 
was given an added flavoui by the leturn from 
Afiica of Paul du Chaillu the French explorer, 
w'ho m 1856 disco\ered the goiilla, the largest 



ELLTOTT AND FR'i LTD 


POPULARIZER OF DARWINISM 
Sii Edwin Ray Lankestei (1847-1929) He did 
much to popidanze Darwin's theones 

of the man-hke apes Uis highly-coloured 
stones of goiillas m the Gabun, though partly 
substantiated bv actual specimens, i\ere largely 
disbehe\ ed and led to many stormy scenes 
Once at the Anthi opological Society he 
chmbed o\ er the benches and spat m the learned 
chairman s eye 

In reading accounts of that penod one cannot 
fail to notice how many leaders of thought, 
e\ en scientists, kept their science and tlieir 
religion m t\atertight compaitments Some, 
like Chailes Kingsley and Frank Buckland, 
gieat pioneei-s m populaiismg natuial histor)^, 
whilst admiring Darwtm recoiled from the idea 
of evolution being applied to man, the one wath 
hysteiical, tlie other ivith half-humorous re- 
pugnance 


Piofessor Henry Drummond, a famous nine- 
teenth-century Scottish evangelical tmter, -was 
t^qiical of this mental outlook Many veais after 
the publication of Danvan’s Descent of Alan he 
replied t\nth his Ascent of Man in ts hich, combin- 
ing his twnn loles of scientist and evangelist, he 
sought to dispose of the former ork, substituting 
foi Dan\mism the theorj'^ that ivild animals, bv 
then care and consideiation for each other, 
poweifully influenced “ the sumval of the 
fittest ” Diummond’s book proved, if it can 
be said to have pi oved an^4;hlng, that the author 
kept his consideiable knowledge of natuial 
histoiy m one tightly locked pigeon-hole, and 
his religious convictions in another Under no 
arcumstances w ere the contents of the pigeon- 
holes allowed to intermingle 

THE GORILLA SERMON 

This was the attitude of most of the reading 
public for yeai-s, and echoes of those stoimy 
da^s aie still to be heard, though at length- 
ening internals Comparati\ely recently one 
of the best mfoimed and most vigorouslv 
intellectual divines allowed some refeience to 
the evolutional y pi ocess to creep into a sermon 
A fuiious but shoit-li\ed outbui-st of almost 
Victonan mtensitv i\as the lesult, and even 
now' a section of the Pi ess refers from time to 
time to i\hat it joyously named “the Gonlla 
Sermon ” 

More seiious and stdl more grotesque was the 
sensation caused a few years ago m a little town 
in Tennessee, USA A too-progi essn e young 
schoolmaster rashly told his wondering class 
something of e\olution ^Vhen his astonished 
pupils took home "wath them each his oivn 
version of “ ivhat teacher said,” the ensuing 
huiTicane eclipsed tliat \\'hich had once raged m 
Great Britain The to'wm m Tennessee put the 
rash young pedagogue on trial, hilst the more 
progressive section of the United States looked 
on agog, and hilariously mcknamed the un- 
fortunate but eminently respectable township 
“ Monke^nnUe ” 

\Vhen we remember the furore caused by such 
mechanical mno\ations as the railway and the 
first motor car, it is perhaps not surprising that 
w'e should be so reluctant to hazaid the 
more seiious adventuies of the world of 
thought 

Though it does not appear to anv great 
extent m either of his most famous e\ olutionary 
w'orks, the Origin of Species and the Descent of 
A'lan, Dai^wnn’s study of hvmg forms w'as bound 
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EVOLUTIONARY TREE OF LIFE 

The appwxmate sequence of the main animal groups from amceba to man Anows denote the mam 
directions taken by the vaiious blanches of the stem The scale at left shows lelative penods duTing nhicli 
the gioups aiiived at fullest development, beginning with a time of unknown dwation 
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up ^\-ith an equally detailed stud^ of the in- 
numerable creatures i\hich are known to us 
nois onl^ as fossil remains 

E\ei'y modern zoologist and biologist now 
recogmzes that an intelhgent understanding ol 
life as it IS can only be possible if pursued m 
conjunction "WTith a close sun'^e^ of the hie that 
^vas The unborn puppy h\es isathin its dam, 
as does the unhatched chick wthin the egg 
shell, thiough phases that clearly point to its 
original development from very different forms 



RI'^CHCITZ COLLECTION 


ALFRED RUSSEL WALLACE 
He thought out the idea of the :,unnal of the fittest 
independently of Darwin 

In studying fossds one can trace back ammal 
and plant existence through simpler and ever 
simpler forms, untd in the oldest rock-formations 
■we find ourseh es back at the beginmng — almost 
We can, foi the tune being at least, go no farther 
We are faced by the problem discussed m the 
previous chapter 

The earhest human records — drawings on the 
walls of ca\ es — can be roughly dated as being 
some thirty or forty thousand years old ^V^ltten 
records are matters almost of yesterday But 
what are commonly referred to as “ the volumes 
of the Rocks ’ go back at least six hundred 
million years, and the information they contain, 
smudged and fragmentary as it is, points to a 
procession of plants and animals that, as regards 
sheer numbers of species, reduce existing 
species to a mere handful 


Our knoi\ ledge of the past grows daily, but 
in Great Britain it is gaineied almost exclusively 
for the refieshment of the specialist Little 
effort is made to popularize it and the geological 
galleries of museums are usualh a retreat for 
lovers or a ha\ en for the droiNXj’^ 

England can show some amusing examples ol 
how not to educate in geological matters 
During the last tv\o hundred vears various 
charlatans have exliibited collections of bones 
strung together to form wonder beasts, and 
amassed fortunes in exhibitmg them to a trustful 
public Dinosaur and mammoth bones have 
been shown as evidence of men thirty feet high, 
and few have questioned their alleged ongm 

BASED ON INSUFFICIENT KNO\\LEDGE 

In the early days of the Cr^'stal Palace there 
was a passing fashion for prehistoric ammals, 
and "Waterhouse Hawkins, an architect who had 
long made the study of extinct monsters his 
hobbv', originated a danng experiment He 
elected a series of hfe-size effigies which stiU 
occupy a portion of the Palace grounds which 
was bevond the reach of the fire of 1936 
The ammals impressed ever^'bodv except the 
scientists 

Based on insufficient data, most of them are 
triumphs of absurdit) Richard Ow en pointed 
out that tlie iguanodon, for example, had three 
and not fiv e toes as in Hawkins’s restoration, to 
which Hawkins rephed that as they were toes 
and not corns they could not be removed, and 
there they are to this day So enthusiastic was 
the sculptor that he took the moulds of his 
enormous creations, many of winch were bigger 
than elephants, to America, wath a vaew to 
setting them up in a public park At the last 
rmnute the authoiities broke up his moulds, not 
m vuevs of then inaccuracy, but because thev 
were “ contrary' to the accepted storj^ of 
creation ” 

MODELLED AS IN LIFE 

Forty years after the Crystal Palace adven- 
ture, Pallenberg, a famous German ammal- 
sculptor, undertook to make a similar group for 
Carl Hagenbeck’s ammal park near Hamburg 
^Nffiole skeletons were nov\ av^ailable, whereas 
"W aterhouse Hawkins had but a handful of 
bones, indeed, had he been content to resurrect 
only such animals as he really knew, his entire 
effort nught have been as successful as Ins giant 
sloth, Irish elk and extinct tapirs Pallenberg, 
havnng made immature models of the creatures 
he proposed to show hfe size, took them on a 



WHAT EVOLUTION MEANS 


21 


European and American tour, showed them 
to all the leading authorities on the remote past, 
and solicited their severest criticism The 
result was the umque collection that is now 
at Stelhngen 

The Umted States has also seriously under- 
taken to interest people in the world that was 
Some museums, following New York’s lead, have 
gone one better than Germany and show the 
extinct monsters not merely in self-coloured 
stone but clothed with hair or scales according 
to their kind In New York every skeleton has 
a miniature model of the beast “ as in life ” 
beside it 

REBUILDING THE PAST 

The artist has also been called m One sees 
in a senes of gigantic frescoes the mammoth 
herds tramping through Siberian snowdrifts, 
ground sloths as big as oxen on the sunny plains 
of the South American pampas, and scores of 
similar peeps into the past They delight and 
instruct the man m the street, just as they satisfy 
the cntical scientist These models and pictures 
are statements of fact, not mere spectacles to 
invite a momentary thnll How are they 
achieved ^ 

Rebuilding the past is one of the world’s 



THOMAS HENRY HUXLEY 
A stalwart believer in the theory of evolution, he 
called himself “ Darwin's bulldog ” 



CHARLES DARWIN 

His epoch-making work “ The Origin of Species ” 
was first published in November, 1859 


most expensive educational luxuries When 
sufficiently generous sponsors have been found, a 
fossil hunting expedition sets out into the wild, 
perhaps for years As in a tnp to the barren 
tablelands m South Africa known as the Karoo, 
work may be possible only for a few months m 
every twelve Dunng the season of work the 
terrific heat, besides incapacitating many on 
the staff, exploded half the petrol supply and 
the scientists were faced with a premature 
return to civilization or death from starvation 

AIDED BY DYNAMITE 
With Its tram of lorries and personnel, which 
may include hundreds of native porters besides 
expert naturalists, artists, plaster-workers, car- 
penters and camera men, a bone-collecting 
expedition suggests a belligerent army rather 
than a peace-time adventure The collecting 
ground reached, there follow weeks of strenuous 
excavation with shovel, pick and dynamite 
Often the bones of some giant beast, when finally 
unearthed, are so friable as to need swathing in 
plaster bandages Small bones, bedded m a 
matrix of rock, may necessitate taking tons of 
solid earth to the museum, there to be sorted 
over months later Assuming that all goes well, 
the work of a year or more may result in a 



22 


WHAT EVOLUTION MEANS 



HAMILTON COLLECTION 


CHARLES KINGSLEY 
Although an admu ei of Dai win, he recoiled fi oiii 
evolution as applied to the hiuiian species 

hundred-feet-long extinct lizard reaching New 
York packed in dozens of crates Now the 
^vork of recalling the past may be said to stai t 
Each bone has to be cleaned and aiianged, 
usually on the floor of a laige hall oi warehouse, 
in its proper position The bones are dulled 
^\^led togethei, and piesently the dinosaur is 
hauled on to its feet by cranes, and its hips 
and shouldeis supported by massive steel 
scaffoldings 

DRESSING A SKELETON 
All being passed as life-like, there follows the 
clothing of the bones with “ flesh ” Usually a 
miniatuie model — one inch to the foot — of the 
skeleton is made, and a carcass of the neaiest 
related leptile seivmg as a guide, trial muscles 
are made fiom ivax or strips of brown papei and 
placed m their appioximate positions Each 
tiny knob and groove upon a bone has its 
significance Dressing a skeleton may take a 
)ear or more Finally the matter of scales, 
spines and so on has to be consideied, and at 
last the monster stands complete 

Parallel to all this labour, other experts re- 
construct from fossil fragments the plant life 
that must ha\e been contemporary with the 
giant reptile, palieographeis decide upon 


the nature of the giound the cieatuie last tiod, 
the appioximate suiioundmgs, and even the 
prevalent climatic conditions Then, as in the 
vision of Ezekiel, do “ the diy bones live,” and 
the piehistoiic past is resuriected 

The swaftest ivay in which any species can be 
exterminated is by mass slaughter This has 
lesulted within histone times in a still-gi owing 
list of cieatuies w^e can nevei hope to see alive 
again 'Whole races of human beings have dis- 
appeared m like manner Climatic changes 
have similarly obliteiated not only hundreds of 
species of animals but w'hole laces of them 
SPECIES DIE OUT 

Apart from the large numbers of creatures 
that at once succumb to climatic changes, there 
must ai ise the difficulty of a food supply which 
such changes automatically bung about The 
customary' food grow's scaicer, and such as theie 
is must be sought farthei afield Difficulties 
w'hich few oi none of the ammals involved can 
cope wath are encountered — changes of country, 
unfoieseen and supenoi enemies 



SPENCER ARNOLD 

SIR RICHARD OWEN 
In his day one of the greatest authoiities on extinct 
niaminals, and a famous anatoniist 
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MOSOrALF 

DENIZEN OF THE DEEP ONCE TERROR OF THE SEAS 
Restonng the fossil lemains of an ichthyosaiu us, an extinct reptile winch lived in the sea A full giown 
membei of the species sometimes attained a length of foity feet Woik such as this may take many months 

In course of many years, scores of centuries 
perhaps, for the climatic change may be 
gradual, a few survivors have trekked far north 
or south, changed from cold to heat, and land 
or swampy, or vice versa Hairy creatures 
become less hairy, or pile on thicker coats 
Other changes are m progress at the same time, 
until the original stock of beasts forced on the 
great hunger trek has died out altogether The 
courageous few have kept on, begotten others 
after their kind, evolution is m progress 

TRAPPED BY TAR 

There is evidence that extinction often came 
upon ammals swifter than this With no stone- 
arrow-hurlmg men to harm them, whole herds 
of animals have come to a sudden end and 
dragged down others with them into shadow- 
land Many of their gigantic graveyards have 
come to light m recent years One is the famous 
mastodon pit m Central Asia 

Here it is obvious that a race of strange 
elephants, with shovel-shaped lower jaws that 
hung close to the ground, broivsed m peace, for 
many centuries no doubt, around the shores of 
an extensive lake bordered by a swamp The 


shovel-tuskers, as they are called, apparently 
made deeper and deeper inroads on the swamp, 
digging up with their forked chins the lush 
vegetation that was their sole sustenance 
Unknown to them, the lake -was shrinking, and 
with It the swamp There came a time at 
last, when, ahvays reaching farther out for food, 
they foundered m the treacherous mud by scores, 
perhaps thousands, for naturally only the upper- 
most corpses, those of the last strugglers, have 
come to light 

Still more dramatic must have been the last 
scenes round the gruesome tar trap of La Brea, 
m California, USA La Brea is noiv one of 
America’s chief sources of oil, and huge work- 
ings with offices and scores of dwellings, the 
outward and visible signs of human prospenty, 
surround the site of a prehistoric tragedy 

SANK TO THEIR DOOM 

In this instance, thousands of animals came 
to their end, not as the result of food shortage 
but through drought The noiv hard and 
safely ivorked asphalt beds -were once flmd lava 
poured out from a volcano In time the lava 
took on an appearance of solidity, and m the 
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slight dechvities of its oily surface preaous ivater 
collected 

All kinds of animals must have shoim a 
reckless daring to reach this, just as they do now 
at African i\ater holes i\hen the dry iveather 
sets in First to the tar pools came pondeious 
elephants, giound sloths scarcely less massive 
and much less intelhgent, gigantic bison, deer, 
antelopes, horses, si\nne, hares, rabbits, moles, 
shrei\'s and even bats As the blundering 
elephants and sloths sank to tlieir doom, the 
sabre-tooth tiger sprang upon their helpless 
bulks to snatch a meal, and the wolf followed to 
dispute the feast 

Then from the suriounding pines and 



HAROLD BASTIH 


FOUND FATHOMS DEEP 
Vast aieas of the ocean flooi consist of the tiny but 
flinty skeletons of radiolarians 

c^^resses came giant vniltuies to teai at ivolf and 
sabre tooth, caught by the paws All shared the 
same fate The tar closed over their heads, 
until the scientist came to discover bare bones 
countless centuries later 

The tai thus took to itself over thirty kinds of 
large mammals and scores of small species, thirty 
kinds of buds of prey and over foit} other 
species Seventeen elephants i\ ere found m an 
aiea fifteen feet by t-wenty-five feet, and thirty- 
five feet deep The entire animal life of the 
sunoundmg country ivas represented m this 
cemeteiy, -which comprised beasts unlike any 
no-w living and others found today m fai distant 
areas Noticeably scarce were remains of the 
ciafty beai, possibly the most cautious ammal 
of that era 

The giant hzards of the Age of Reptiles, far 
more i\ntless than the least intelhgent mammals. 


often died thus in mass formation, bogged 
beyond all hope of extrication Sudden and 
local extermination may occur even in the 
sea Thus in 1879 there w'as discovered in 
the Gulf of Mexico a peculiar species of tile 
fish ^\hlch appeared to be abundant Three 
years later ships reported laige numbers of 
dead covering the sea surface for many miles 
in extent, the total death roll being estimated 
at approximatelv a billion 

The explanation offered was a prolonged 
chilling of the is^ater through arctic currents 
driven inshore by north-easterly ivmds The 
species was not seen again in any quantity until 
about thiity years ago In 1894—95 the 
manatees of Sebastian River, Flonda, ivere 
similarly all but wiped out by unlooked-for 
cold, while in the i\inter of 1920 New' York 
lost almost its entne population of bluebirds, 
and Washington its fish crois's 

TRUTH ABOUT FOSSILS 

Thus it i\ill be seen tliat catacl^'smic happen- 
ings may all but remove a species at a blow' 
Volcamc eruptions pounng lava over land and 
poisonous gases into the sea, were more pre- 
valent in the 1 emote past than nois'ada^'s But 
for die most part races and speaes have declined 
gradually, and sinking back into the earth from 
i\ Inch the) di eis then sustenance have become 
converted, cii cumstances favounng, into the 
mmerahzed i ephcas of their former selves know'n 
as fossils 

The popular and incorrect definition of a 
fossil IS “ something that has been turned into 
stone” Silica, and ceitam combinations of 
lime oi iron i\ith sand pai tides do, m v'ar^'ing 
degree, mineiahze vaiious objects, but the scope 
foi such fossilization is limited, and less common 
than one might suppose Some things cannot 
be fossilized at all — die soft bodies of jdly-fish 
and anemones, snails, oj'sters and cuttle fishes, 
or the internal organs and muscles of vertebrates 
CASTS MADE BY MOTHER EARTH 

Even bones cannot ahva^'s be fossilized or 
preser\'ed by time m any -way Alammal and 
still harder reptile bones preseiwe ivdl, but not 
the air-filled bones of buds, or the pardy ossified 
bones of fishes ^Vhen any creature dies on land 
W'here predaceous or carnon-feedmg bone 
crackers abound, and the i\md and ram and 
soil are brought to bear upon the carcass, the 
W'hole may be disintegrated before any kind of 
preservation c-an take place It is matters such 
as these w'hich make fossil collecting, and the 


WHAT EVOLUTION MEANS 


25 



WHERE THOUSANDS OF BEASTS AND BIRDS PERISHED 
The last scenes round the gruesome tar trap of La Brea, in California The entire animal life of the 
surrounding country was represented in this cemetery when it was discovered countless centuries aftei wards 


piecing together of the past, at once so fascinat- 
ing and so tantahzing 

A large percentage of fossil plants, feathers, 
fish scales and other objects are no more than 
impressions or casts, made in much the same 
manner as the casts of a sculptor ^vorklng with 
clay and plaster Mineral matter closes m upon 
the object and preserves its shape, though the 
object Itself entirely disappears 

MAMMOTHS IN ICE 

Under favourable conditions a “ modern ” 
ammal may die and m time its bones become 
fossilized, whilst the bones of an extinct creature 
like the great auk and dodo, or even a mammoth, 
remain relatively fresh Mammoths have been 
found so well preserved in ice that the flesh 
has proved to be eatable The so-called fossil 
ivory in London’s dock warehouses is little 
different in constitution from that of living 
elephants 

An ammal is most likely to be fossihzed if it 
dies m a qmcksand, or some qmet lake or estuary 
Then as the skin and muscles disintegrate. 


mineral matter gradually supplants every 
portion of the bony structure until, in the course 
of ages, every bone and even ossified tendons are 
fossihzed m the fullest sense of the term 

The shells of molluscs and other creatures may 
themselves be welded together to form solid 
rock masses, like the oyster rocks at Tillyishim 
Caves in Dorset The chalk cliffs of Great 
Britain are largely composed of minute shells 
of exquisite design, the foramimfera Vast 
areas of the ocean floor consist, to a depth of 
many feet, of the so-called globigenna ooze, 
the tightly packed flinty skeletons of the mfimtely 
small and very simple creatures known as 
radiolanans The depositing of lime on solid 
objects by the famous hot springs of Auvergne, 
France, is not fossilization but incrustation 

TREASURES REVEALED BY THE SEA 
Probably only a small proportion of the plants 
and ammals ■which eventually go the way of 
all flesh IS immortalized by fossilization, and of 
the millions that are thus preserved a smaller 
number still are unearthed by man Only when 
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FRAMEWORK THAT SUPPORTED A BULKY BODY 
The giant skeleton of a mammoth Specimens of this animal have been found so veil presen ed in ice 
that the flesh has pioied to be eatable The so-called fossil non diffeis little fiom the tusks of In mg elephants 


the fossil beds he relatively neai the eaith’s 
suiface, or aie huiled up from below, or tilted 
up on edge can their treasmes come ^\^thln oui 
giasp Sometimes the sea oi ice pares aivay a 
hillside till a cliff is formed, and then again e 
ghmpse a giaveyard of the remote past 

PREHISTORIC MARCH OF PROGRESS 
E\ en hen thus thi ust undei our notice, the 
getting of fossils is often a tedious, even dangei - 
ous and costly process But despite difficulties, 
and often scantiness of mateiial, modem 
geologists and palaeontologists may be con- 
giatulated on the pictuies they have given us 
of a former woild In the ensmng chapter the 
panoramas of ammal life aie based on no vague 
guess-i\oik Fossils ha\e furnished accurate 
records of thousands of different Linds of 
ammals and the plants they lived amongst, and 
afforded clues as to hoiv the creatures walked 
and sat, sivam, fleiv and fed Even the actions 
of wind and lam are sometimes set dowm for us 


m the truly maiwellous recoids of the rocks 
In aiiangmg the long series of animal foims, 
one succeeding the othei as leiealed by rocks, 
it has been found necessary to divide the series 
into epochs, a teim deined fiom a Gieek uord 
meaning “ to check ” The prehistoiic march of 
piogiess IS therefore maiked off in epochs such 
as the Eocene or “ daivn age,” the Miocene or 
“ less recent age,” and so on Each is calculated 
to covei a certain length of time m the eaith’s 
histoiy, according to the age of the rock layers 
each epoch covei-s 

ROCKS ARE “RADIUM DATED” 

The ages of the various lock foimations can 
be ascei tamed until reasonable accuiacy This 
was only made possible by the discoveiv of 
radium in 1898 by Madame Mane Guiie The 
rocks aie hteially “ ladium dated The first 
insciiptions of life upon their surfaces aie traced 
back to betiveen two and three thousand 
million years ago, and Nature is writing still 
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THE MAMMOTH AS IT APPEARED IN LIFE 
In 1937 It tt’fls teported that the ftozen caicass of a mammoth had been discoveied in Wi angel Island, off 
the Sibenan coast The animal once floiinshed m Great Biitain, wlieie remains have been found 


The marvels of mechanism and scientific 
discovery ^vhlch the last few decades have seen 
are largely responsible for the progress now 
being made m recapturing the past Prior to 
this fossils rvere mysteries to all save the learned 

STRANGE IDEAS OF THE LEARNED 
It was once customary to believe that all 
kinds of animals could be spontaneously 
generated in mud or slime, so that their 
occurrence as dead remains in rocks was 
natural enough They were merely creatuies 
that had not succeeded in struggling to the 
surface, and succumbing, petrified Theo- 
phrastus (about 372-287 b c ), the Greek 
philosopher, observed of fossil fishes that they 
“either developed from fresh spawn left behind 
in the earth, or gone astray from rivers or the 
sea in cavities of the earth, where they had 
become petrified ” Even Aristotle (384—322 
B c ), the father of ancient natural history, 
looked upon fossils as mere curiosities 


The revival of learning m the sixteenth century 
gave a new meaning to the fossiha, the “ things 
dug up ” Leonardo da Vinci’s pioneer work 
m this regard was confirmed a century later by 
Nicholas Steno, Professor in the University of 
Padua, but for long after this the deluge of the 
Pentateuch was accepted as the cause of death 
wherever fossils were discovered 

The real nature of fossils was fully appreciated 
in 1778, when De Luc coined the word 
“ geology,” the science of the earth From 
thence onwards a host of workers entered the 
field, and in 1834 H D de Blainville and 
Fischer von Waldheim presented the world with 
palaeontology, noiv universally used to describe 
the science of ancient life — the reconstruction of 
the past 

SEA SERPENTS AND MONSTERS 
To many people any review of the animal 
forms no longer extant seems like a nightmare, 
a piece of unreality This, no doubt, coupled 
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with that human craving for the marvellous and 
sensational which is present, in varying degree, 
in nearly all of us, is probably responsible foi 
the still popular behef m a sea serpent It 
explains the popularity of certain films and such 
grotesque affairs as the Loch Ness Monster and 
the Nandi beai The latter is Avorth recalling 
because at long last the beast ivas run to earth 
Before the IVorld War and immediately after 
it, theie appeared in the Press at inten'als 
accounts of a horrid monster in Kenya Colony 
It ivas half-man, half-hyena, -walked erect, and 
had a passion for strangling ivomen and children 



TUSK OF A MAMMOTH 
Nem Iv fourteen feet long, this wonderful specimen 
HGJ brought to London from Siberia 


So persistent ivere these rumours that the 
British Museum at last circularized all game 
wardens and other responsible persons m Kenya 
and the surrounding country requesting con- 
crete evidence Doubts began to arise ivhen a 
newspaper i eproduced a copy of the bear’s foot- 
pi int, ^s'hlch shoived six toes Experts resolved 
this into the footprints of ti\o separate hyenas, 
one print superimposed upon another Before 
long concrete ewdence arrived in the form of 
skins and skulls, but these never matched 
Sometimes a large hyena’s skull was associated 
with a leopai d’s skin, sometimes the reverse is'as 
fonvarded as belonging to one and the same 
ammal That is presumably the last of the 
Nandi bear 

DISCO\TERING UNKNOIW ANIMALS 
As for the possibilities of yet discovering 
strange and even huge monsters neiv to science, 
they increase rather than othensase v\ath oui 
ever-impro\ang means of exploration Ammals 
hitheito unknoivn are added to the list of 
ascertained forms at the late of a hundred or 
so a year, but seldom attract the attention of 
any but scientists owang to their small size 
The-y do not get a “ good Press ” 

On the other hand, news of the discovery' 
of the remains of an animal with v\hich the 
pubhc IS familiar is invariably recorded in the 
new'spapers For instance, the finding of the 
frozen carcass of a mammoth m IVrangel 
Island, off the coast of Siberia, in 1937, 
received considerable space Hair several feet 
long cov'ered the whole of the body, which 
was in perfect preservation 

It IS well to recall that only in 1897 a party of 
scientists stumbled upon an amazing cav'ern in 
Patagoma, where it transpired that pnmitiv'e 
man must have herded giound sloths as big as 
oxen, and killed them for his table as occasion 
demanded Fresh skin and ev'en piles of dung 
belonging to the giant sloths v\ere found, wath 
other equally surprising matters 

AGE OF MONSTERS NOT PAST 
Just three years after this disclosure began a 
senes of baffhng rumours which ended in the 
discov ery' of the okapi Later the bones of the 
largest land animal yet recorded, a sev'enteen- 
feet high rhinoceros, were recovered from the 
Gobi Desert 

The age of monsters is by no means past, and 
as regards the highest ammals, the mammals 
may yet be far from havung reached their peak 




VER*«0'I EDWARD (MONDIALV) 

BIG IN BULK BUT SMALL IN BRAIN 

Diplodocus, a vegetarian of the dinosaur order, inhabited the swamps oj North America about one hundred 
million years ago He was nearly ninety feet long, but his brum was small and very undeveloped 

LIFE THAT HAS VANISHED 

I N reviewing the pageant of past life on the of microscopic size, it is a highly complex 
earth, to start at the beginning is impossible mechanism containing a vital centre or nucleus, 
We cannot hope to know how long our planet fluid, besides oil globules, worm-hke, tivisting 
whirled through space before it changed from a obiects, and other matters It is an entity in 
molten mass to a place capable of supporting itself, and as such is commonly represented by 
any kind of life The oldest rocks discovered the amoebae, abundant in both soil and ivater 
have been subjected to such inconceivably great An amoeba can move in any direction, assimilate 
pressure from other and more recent layers food, and multiply by just splitting in two Cells, 
piled above them that any traces of life they bv a process not yet fully understood, can divide 
once contained are now irretrievably obliterated and sub-divide, yet cling together, and by 
But at least we can guess with some assurance absorbing nourishment of one kind or another, 
at the earlier forms of life We aie helped not the whole mass increases in volume Moreover 
only by the doubtful scraps of algae and worm certain cells in one of the aggregations do 
remains traceable in early rocks, but by our certain jobs — take food, or row the body here 
knowledge of embryologj' It is an established and there by tiny lashing hairs 
fact that all life, animal or vegetable, starts as a Quite early in the story of life some of these 
single cell, or more usually a single cell resulting primitive entities made homes, exquisite in 
from the fusion of two cells, a female and a male design and bewildering in variety, of silica or 
It IS not the least wonderful of scientific carbonate of lime They rowed themselves 
aehievements m the last few hundred years, that about, feeding on minute plants as bizarre as 
until the latter part of the sixteenth century themselves, and noting for an hour or two — 
insects, worms and mollusca — ^lumped together seldom more than a few days — begat their kind 
as “creeping things” — represented the lowest by subdivision, and tll^n together with their 
forms of animal life known to man Not till homes, sank to the sea bed, there to form eventu- 
the microscope became a working possibility was ally rock 

the greater part of the world of living organisms One thing is fairly certain of this period m the 
revealed As regards even a suspicion con- world’s story, there must at least have been 
cerning cellular structures, the leading scientist light of some kind, for only so can plants exist, 
was on a level with the illiterate and upon plants all animal life turns Beloiv 

A cell, or more properly a corpuscle, is not a certain depth no plants can grow, and so all 
a blob of jelly, or protoplasm Though usually life beyond that level is dependent for its 
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HAROLD BASTLM 

ANIMAL THAT IS ALL MOUTH 
About one luindiedtlt pait of an inch long, the 
amaba inhabits pond^ It is all mouth and is 
contiiiuallv changing its shape 

sustenance upon a “ food rain ” from above — a 
constant doivmvard flow of corpses 

Thxoughout the survey of animate nature one 
IS impi essed by the extraordinary speeding up of 
the evolutional y process as time ivent on Today 
the tvheels revolve at a bemusing pace At a 
rough computation it is tivo hundred million 
years since anything that could be called a 
mammal first saiv the light Prior to this 
reptiles literally onned land, sea and air for 
one hundred and fifty million years Quite 
ten times this period must have passed since 
the fiist veitebrates were in existence, and the 
vertebrates aie, relatively speaking, a recent 
development Measured by time, man and all 
his achievements have risen to ivhat we find 
them today in one s^^'mg of the pendulum 

^\T^H OVER A THOUSAND CELLS 
From what precise stock the more complex 
mvertebiates sprang ive cannot say It may 
perhaps have been some comparatively involved 
organism such as the sun animalcula, a 
globular gathering of over a thousand cells 
This beautiful ereature, just visible to the naked 
eye, is a common inhabitant of most stagnant 
flesh ^vaters Whatev^ the original, from it 
must have sprung the great divergent groups the 
polyps and the sponges 

Here let us digress to point out that in the 
evolutionaiy senes, animals are arranged in the 
order we know only for our convenience 
They did in ti uth come into being m some such 
sequence, but not with the neat precision of a 
museum collection, or the contents of a natural 
history book It is the failure to appreciate this 


that makes some people still ask “ 'Why doesn’t 
a starfish turn into a cuttle fish, since the cuttle 
fish IS a step higher than a starfish^” One is 
reminded of the Victorian insistence that 
Darivin said we came from monkeys, which he 
most certainly did not 

The great mam gioups of animals and plants 
and their subsidiaiy groups have m all instances 
evolved by divei ging from some main stock or 
common ancestry Just as within the human 
epoch we have evolved certain generalized kinds 
of dogs fiom Molves, and then divided them 
by aitificial selection and accelerated evolution 
into the chow and samoyed group, the pug and 
bulldog group, and so on 

SWIMMING SPECKS OF LIFE 

So it happened that at some period long after 
the fi ee-s\\ imming ammalcula m ere established 
there appeared two very different groups of 
animals, the sponges and the sea anemones, ivith 
such related forms as coial animals and jelly- 
fishes Both groups began as free-sivimming 
specks of life, but the sponges soon settled down, 
and whilst often enlarging to the dimensions of 
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FRESHWATER SPONGE 
One of the few gieen animals, it owes its coloiii 
to the microscopic partner — algce, in its cells 
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small trees, remained anchored to one spot, and 
subsisted by siveeping food haphazard into their 
interiors by means of minute lashing hairs 
Waste was cast forth by the same hairs, though 
through separate channels 
The anemones or polyps and their kind often 
anchored for life, and remained naked, or by 
enveloping themselves in carbonate of lime, 
raised huge reefs and islets, so fast did they in- 
crease But many, like the jelly-fishes, remained 
mobile throughout life, and all had definite 
stomachs, -which they filled at the dictates of 
hunger by means of their sting-bearing tentacles 

ANIMALS WITHOUT HEADS 
The early sponges, with their flinty (to us 
horny) skeletons of interwoven hooks and 
anchors, and the corals -with their stony homes, 
have handed doivn admirable records of them- 
selves through hundreds of millions of years 
There are even fossil prints of the fragile jelly- 
fishes But some of the early polyps were unlike 
any polyps known today They were in some 
degree related to the delicate sea firs cast up 
on every beach, but free-floating and curiously 
flattened, and in the fossil state at least so 



BRITISH MUSEUM (NATURAL HISTORY) 

BEAUTY IN SKELETONS 
Corals are the skeletons of cettain membeis of the 
gioiip of oiganisms known as coelentera, or 
“ stinging animals ” 




MOSDIALE 

FLOWERS OF THE SEA 
Sea-anemones ate often beaut if nil v coloured Then 
mouths me enciicled with stinging tentacles winch 
catch food foi them 

suggestive of mystic inscriptions that the> have 
been named graptohtes 

For millions and millions of years the seas, 
and probably the seas only, weie populous 
They housed a medley of animals not one of 
which could be said to have a head or even that 
bilateral symmetry which distinguishes all the 
higher invertebiates and eveiy vertebiate 
None of these animals ivas piovided -with blood, 
and blood allows of expansion m three dimen- 
sions Even so some of the early animals grew 
to a considerable size 

FORESTS OF FLOtATR-ANEMALS 
It will be found generally that a given group 
enjoys several peaks in the omvard march, 
unless, as sometimes occurs, it retrogi esses, like 
the sea squirts There ivere very big starflshes 
and sea urchins in the oceans of old, and the 
wonderful sea lilies, o^^stalked starfishes, today 
restricted to a feiv deep^ abounded every'i\ here 
Few now exceed a feiv feet in height, but once 
the ocean floor must have borne ivnthing forests 
of these strange floiver-animals, rearing flfteen 
or more feet aloft, and clutching -u ith their fern- 
frond-like arms at everything ivhich passed 
When dead, or at rest, some of the great stone 
lilies, coiling their jointed stems round their 
arms, looked like enormous snail or nautilus 
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shells There -were also other relatives of the 
familiar starfish ivholly unlike anything we 
know today 

On the southern shores of England is a 
beautiful httle ten-armed starfish, the rosy 
feather, which begins life as a stalked sea lily, 
but later breaks free and leads a buccaneering 
life, untrammelled in any ivay 

These starfishes and staifish-like creatuies are 
believed to have been derived from creatures 
having some features in common vnth flukes and 
tapeivorm-like animals Had evolution stopped 
here, the sea hhes and their allies rmght have 
been masters of all they felt, for none could truly 



MONDIALE 

HOME OF PEARLY NAUTILUS 
In such exquisite shells {shown hei e in section) dwell 
the “living fossils,” last repi esentatives of an 
ancient lace 

see, but parallel to them there ^vas progressing 
a very different set of ammals These ivere the 
two-sided segmented creatures, ivith a blood 
system and far more complex orgamzations 
generally, and still other forms, two-sided but 
unsegmented The one presently expressed 
Itself in the now extinct trilobites, the other in 
various kinds of molluscs 

DOMINATED THE OCEAN FLOOR 
Discrete and mostly unadventurous, the 
molluscs still abound, and many have changed 
little since their kind appeared imllions of years 
before the first vertebrates Amongst the soft- 
bodied shell-bearing molluscs of the past, now 
only seen as the dead shells croivdmg some cliff 
face laid bare by erosion, the ammonites once 
housed octopus-hke creatures i\ath scores of 
small sucker-tipped arms 

The nearest living representatives of these 
creatures, which sometimes had shells several 
feet in diameter, are the nautduses, confined 


noiv to a feiv tropic seas Once the ammonites 
dominated the ocean flooi, and it is surmised 
that at that tune and for long afterwards, until 
the close of the Age of Reptiles perhaps, the 
earth’s temperature generally ivas more or less 
tropical 

The molluscs we know eventually conquered 
the land, but first to climb free of the water may 
have been certain jomted-shelled creatures that 
superseded the trilobites In general appear- 
ance these primitive crustaceans blended the 
still surviving king crab with the familiar ^vood- 
louse, and like the ammomtes they sivarmed by 
countless myriads, and no doubt provided many 
a meal for the aggressive molluscs on the ocean 
floor But the lumbering, retiring trilobites of five 
hundred million years ago ivere ill-equipped for 
a world that almost daily added to its implements 
of rapid progression — and be it added — of 
destruction 

GREAT SEA SCORPIONS 

The tiilobites gave place to a race of highly 
mobile, streamlined creatures, suggesting in 
their make-up both the lobster and the httle 
biine shrimp so much used now as a food for 
aquaiium fish The great sea scorpions, as 
they are called, sometimes measured nine feet 
in length, and must in their day have been all 
but invincible ^Ve say “ all but ” advisedly, 
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ANIMAL WITHOUT BRAINS 
77ie starfish has no biains but around its mouth is 
a nerve-ring by which its movements are co-ordinated 



LIFE THAT HAS VANISHED 


33 



SHELLS WOUND AS TIGHT AS WATCH SPRINGS 
Beautiful shells that once housed ammonites, extinct rept esentatives of the class of cephalopods, among 
whom ate numbeted the peatly nautilus, the octopuses and the squids The cephalopods foim an important 

Item in the diet of the toothed whales 


for they too disappeared, but it is possible they 
left descendants of a stiU more progressive kind 

Of shghtly later date are some semi-scorpion 
ammals that it is believed adventured sometimes 
ashore, reverting like some modern land crabs 
to the ivater for a refreshing lubncation of then- 
breathing apparatus, not yet fully accommodated 
to inhahng air 

IVhilst the jomted creatures were thus pushing 
onwards, the starfishes and their alhes, dependent 
on the lime-charged sea water for the reinforce- 
ment of their shelly coats, remained submerged, 
and there they are unto this day, exclusively 
manne throughout the -world 

THE SHARP SPUR OF NECESSITY 

Amongst the many unanswered, or only partly 
answered questions regarding these remote 
times, IS the conquest of land by the molluscs 
The most active, -well-armed and inteUigent of 
them all, the octopods and cuttle fish, remained, 
like the more loivly starfishes, in the sea Only 
the snails adventured out of salt ivater, and 
today they abound both in fresh ivaters and 
ashore between the temperate belts 

As ivith every other group of animals, both 
above and below them, the ammonites, the 
octopus-like molluscs of olden times, adventured 
in all kinds of directions, experimenting under 
the sharp spur of necessity At first they trailed 
long conical shells behind them, a cumbrous 
performance exposing them to many enemies 
Then the shells were loosely coiled, and finally 
■wound up as tight and flat as ivatch spnngs 
But too slow adaptation to altered reqmrements 
can be fatal in the wild, as elseivhere, and the 
2 


survivors of the ammomte today can be counted 
by tens where once there \s ere tens of millions 

The vertebrates, or ammals i\ith backbones, 
appearing lelatively late, still found the dimly 
lit, vapour-shrouded seas of tropic or sub-tropic 
heat Bntain’s chalk hills, formed beneath the 
early seas, shoiv beds of long-spined thorny 
oysters such as now live on the Great Barrier 
Reef All the signs point to almost equatonal 
conditions, and the not of invertebrate life 
such conditions — given moisture — mvanably 
invoke 

A possible foreshadowing of the vertebrate 
ammals is seen today in the little glassy creatures 
called lancelets, found burroiving in gravel far 
out in deep water off the southern shores of 
England If these flounshed m prehistonc 
times, as they may iiave done, the absence of 
any fossil remains ivill be easily understood 
To find anything that might be called a 
vertebrate of the remote past, i\e must search 
rock layers that once rested anything from 
eighteen to twenty-five nules beneath the 
earth’s crust Beneath that tremendous pressure 
surviving remnants of animal forms are scanty 
enough 

KING OF THF^HERRINGS 

Traces of cartilaginous backbone are thought 
to represent some kind of chimeera, or king of 
the herrings, a primitive fish still surviMng m 
deep ivaters of the North Atlantic and as far 
south as the Cape of Good Hope In ancient 
rock formations of Russia small teeth attributed 
to some kind of lamprey have been found, and 
in England traces of fish-like animals, seldom 
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over two inches long are believed to belong to 
the same piimitive order 

Higher up in the lock lavers -we meet fish 
in abundance, creatures totally unlike any fish 
knowm today, but still cleaily lecognizable, 
hoivever superficially unlike As an example of 
hoiv ive aie indebted to people of every w'alk 
m life for our knoivledge of the past, it may be 
mentioned that these early fishes ivere first 
brought to light by a Forfarshiie quarrjTOan, 
Hugh hfillei (1802-56) He it w^as wdio helped 
to uneaith the giant sea scoipions, ivhich his 
fellow quaiiymen called seraphims, regarding 
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ROMAN SNAIL 


A greatei coiicentiatioii of iiene-centies is in snails 
and cuttle fishes than in othei backbonelcss animals 

their gieat paddle legs as suggestive of tlie 
conventional angel’s ^vmgs so frequendy sho^vn 
m stained glass \vmdoi\s 
These fiist fishes must have been contempor- 
ary ^\'lth the gieat sea scoipions, and although 
so much smallei, contined to suiwve them 
Perhaps the ^\'ar of brains versus bulk was 
already undei w'ay ^Ve cannot tell if the sea 
scorpions — hich much suggest the lar\^al stages 
of some modem ciabs — themselves passed 
through a complex metamorphosis, but they 
almost certainly produced eggs No doubt the 
first fishes sought these out and swalloived them, 
besides accounting foi many a baby sea scoi'pion, 
particularly when enfeebled by its struggles to 
cast its old shell Throughout the tale of Life 
we are constantly -witnessing the triumph of 
David over Goliath 


In the semi-darkness of the sub-tropical 
Silunan seas, the fii-st fishes must have passed 
in great shoals, gleaimng like burmshed metal 
amongst the ever inci easing seaiveed forests 
None of these first fishes had true jaws, and so 
w ere seemingly at a disadvantage beside the great 
sea scorpions with legs converted into very 
efficient machines for seizing and mincing food 
The ja\vs of all true fishes are modifications of 
one of the gristly rings supporting the gdls, and 
the copper-plated Silurian fishes had only round 
suctoiial orifices for mouths "When no better 
faie offeied they piobably dredged the silt for 
anything it might contain, gulping up a mouth- 
ful and spitting it foith much as a goldfish goes 
gleaning on the aquarium floor 

\\TrH BOX-SHAPED BODIES 

The eaily fishes had box-shaped bodies, ^\^th 
the tail hinged, not continuous as m aU Imng 
fishes save the httle trunk and coffer fishes of 
tiopic seas They had but one pan of fins 
heavily cased in armour, and more like the 
flippei-s of a tuide or legs of a crab than fins as 
genei-ally understood Altogether they looked 
veiy like the crustaceans they alternately eluded 
and pui-sued 

Most fishes ha\e a high percentage of oil 
m then compositions, and the pioneer fishes 
must have been similarly supplied, foi the grease 
they contamed not only helped to preseri'e their 
oi\Ti bodies -when dead from the decaying 
influences of moistuie, but also helped to 
consolidate the strata of the English Old Red 
Sandstone in ivlnch their lemams abound 
They helped to bind the sand and mud ivhich 
covered them just as a plaster cast gams 
durabihty by being boiled in oil 

FISHES ^^'EDGED TOGETHER 

Even m tlie tempeiate and moist climate of 
Gieat Britain, an occasional di ought spells 
disaster to fieshw^atei fishes by drjnng up their 
fluid habitats, or small marine fish may be 
stranded in shaUoiv tidal pools and hteially 
cooked before the sea can recover them Each 
year m Ilhnois, USA, game \\’aidens rescue 
quantities of bass that %\ ould othenwse be lost 
m this manner, and a dry spell m Texas often 
sees thousands of armoured gar-pike ranging 
from a foot to seven feet in length, -wedged 
shoulder to shoulder in small pools, ^\hlch 
represent all that remams for the time bemg 
of a spacious n\ei 

Disasters of this kind perhaps account for 
the huge numbers of primitive fishes found 
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EVOLUTIONARY CHAPTERS IN THE CONQUEST OF THE LAND 
Reading fiom top left and acioss the page A pnmttive fish The development of paned limbs The fish, 
with an bladder conveited into lungs, shufifes ashoie An eaily batiachian laying eggs in natei but living 
pai tly on land The fins have become hands and feet, fingei ed and toed An eat ly i eptile laying hat d-shelled 
eggs on land A t eptile of the mammal type A mainmal-i eptile, foieiunner of cainivoious mammals 
A " dawn mammal," Pi ecwsor of hot ses, etc Opossum, a mammal with feet conveited mto hands 


wedged together in the sandstone This may 
well have been the case, for the close of the 
reign of the primitive fishes saw, and was 
perhaps hastened by, a slow but steady chang- 
ing and reduction of the waterways There 
were great sub-aqueous upheavals that presently 
altered the entire face of the earth, remodelling 
the fishes’ world The land was rising 
Anothei factor doubtless made for the reduc- 
tion of the armoured shoals These first fishes, 
like the crustaceans and monster millipedes, 
now tentatively exploring the newly-nsen land, 
had all their hard parts on the outside But 
some among them underwent a change The 
carbonate of lime that turned their skins to 
inflexible plates and bucklers, gradually spread 
to other parts of them 

GRISTLE BECOMES BONE 
By slow degrees their gristly spinal columns 
and other parts hardened mto bone capable 
of supporting ever more poiverful muscles, to 


\\ hich the unyielding armour must soon become 
an irksome encumbrance It split up into an 
increasing number of plates and bosses, giving 
ever increasing capacities foi movement Priim- 
tive sharks appeared, and latei scaled fishes 
These latter, the dominant fishes of today, are 
regarded as descendants of the early sharks 

IVHEN SCIENCE GUESSES 
The old saying of “ Ever)' dog has his day ” 
occurs to one continuously in tracing the rise 
and fall of succeeding animal forms in the 
panorama of life As the primitive armoured 
fishes may have hastened the sunset of the sea 
scorpions, so they themselves could have been 
no match for the monster fish, like dimchthys 
(terrible fish), that later came upon the scene, 
or the numerous strange sharks, some rivalling 
the largest knoivn today, and amply armoured 
with bony tubercles and long spines 

The story of the fishes is the most difficult 
of all the vertebrate chapters in the tale of 
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life to piece togetlier, and tlie half of it is not 
yet told Hugh MiUer’s brown-paper model 
of one of the stiange Red Sandstone fishes is 
a \ eiy accurate presentment, despite its homely 
workmanslup, but of many other fish we can 
onl) guess tlieir shapes and affimties fiom 
tantahzmg emgmatic fi'agments 
Today it is rezdized that an appreciation of 
present forms of hfe is only possible \\ hen h^^ng 
and extmct beasts are studied side by side, 
one helps the otlier Fifty yeai-s ago, all kinds 



Like the fungi, with nhich these plants aie classed, 
the algce show no distinct divisions betiseen wot, 
stem and leaf 


of scattered teetli and spines were attributed 
to scoies of different kinds of fishes, but now' 
many of these teeth are legaided as ha\nng 
belonged to the same species Tlie reason foi 
this IS the discover)' of the htde tropical Poit 
Jackson shaik 

The jaws of this shark sho’w several quite 
diffeient kmds of teeth, w'hich pass m a regulai 
sequence firom sharp-cutting tools to rounded 
grindstones smtable for cnislung crabs and 
cockles The Port Jackson shaik is a “ lumg 
fossil,” as -we say, though scarcely more so than 
the iveird httle elfin or goblin shaik Tins 
extraordmaiy fish w'as regarded as a fossil until 
as late as 1898, when it was discovered verj' 
much ahve, m the Sea of Japan 

Thus, from a woild of semi-daikness wheiein 
the waters alone ere populous, and that ■w'lth 
the minutest forms of hfe only, the seas and 
nvers gradually shoived an e\ er increasing 


variety of aeatures, gieat and small A great 
deal more tlian half of the woild s lustory from 
the dawn of life must hav e been spent in bnng- 
ing into being its svselling legions of fishes, 
molluscs, Crustacea and the rest, and a slowly 
mci easing giowtli of vegetation 

AD\TJvTUROUS ALG/E 
Most people at some time or another have 
stood beside some desolate moorland pond oi 
fern-bordered lake and been impressed by the 
uttei silence, although the waters might be 
known to teem with fish, and ever) foot of 
sui rounding soil has its ammal citizens So 
must the w oild hav e been foi fullv' tw o thousand 
milhon )ears after life first stirred beneatli the 
growing hght No sound broke the av\-fiil still- 
ness sav e tlie w'lnd s v\ ild music amid crags 
and can)ons, and the noise of water as it 
lapped the desolate shores 
The land was moie bereft of life than any 
deseit known todav', nor was ammal existence 
possible until some few adventuious algae, evei 
adapting themselv es to a state just a httle less 
dependent on the v\ aters, gradually inv aded tlie 
shoie At first these uneaitlily looking plants, 
the crude forerunnel's of our mosses and horse 
tails, no doubt meiely skirted tidal wa)'s, and 
gradually land-locked pools Then, bit by bit, 
they marched inland ^\lth them came some 
haidy semi-crustaceous creatures v\hose hard 
shells, protecting then moisture-laden gills 
from the sun s rays, aided them to leav e the 
watei for longer and longer intervals 
ARRTS'AL OF THE INSECTS 
This- w as but a step to tlie abandonment of 
gills foi a respiiatory system of tubes, and thus 
the first insects came to pass These pioneei-s 
were all membei's of the moie pnmitiv e families 
Fii-st there weie creatures like the spring tails, 
still found on the sea shore, oi the httle silver 
fishes that foi age on lardei floors for ciumbs, 
oi seek to invade tlie flour bin 

Later appeared piimitive cockioaches, and 
others of then kind, insects which betray their 
low ly ongin by producing famihes v erv' much 
like themselves diiect from the egg, instead 
of passing through tlie complex metamoi- 
phosis of tlie creeping grub and doimant 
chrysalis 

As the vegetation spread and steadily reared 
Ingher above the steamy earth, a new sound — 
the elm pings of the fii-st grasshopper's as tliey 
scraped tlieir spiny legs upon their horny 
wang cases — ^was heard It was instrumental 
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and not vocal music, but momentous for all 
that It heralded the conquest of the land 
Perhaps the grasshoppers were not allo^ved 
to rejoice m their brave new world for long 
The earth had already known several alterna- 
tions of excessive cold and heat, but genial 
conditions must have marked the advent of the 
insects, and all life responded to the oppor- 
tumties offered The time possibly marked 
the greatest warm spell that the world has 
ever seen Vegetation soon made amazing 
stndes, covering vast acreages, and assuming 
gargantuan forms 

FISHES TAKE A TRIP ASHORE 
The insects no doubt rejoiced in it, but as 
with every other kind of animal, competitors 
were on their heels, to dispute their earthly 
paradise, and in large measure w'rest it from 
them When some chance gust of ivind swept 
a grasshopper — past its zenith perhaps — on to 
the surface of the receding waters, an enter- 
prising fish rose to it, as does the trout to the 
angler’s fly But such chance casualties were 
but a hint of massacres to follow The fishes 
followed the insects ashore 
Dr Julian Huxley has likened the first foot- 
pnnts recorded in the rocks to the finding of 
Fnday’s footstep by the marooned Crusoe, and 
no simile could be happier But for the factor 
of drought, which forced some scale-clad, bony 
fishes to breathe the air and take a trip ashore 
or pensh, the \vorld of men would never have 
come to pass All the triumphs and disasters 
of the human race date from the days that 
made the water untenable for certain fishes 

LIFE IN THE COAL FORESTS 
There are still living quite a number of 
fishes tolerably at home out of water The 
lung fishes of Australia, Africa, and South 
America can, thanks to their swm bladders 
which serve in some measure as lungs, survive 
droughts that would kill any other fish The 
eel makes nightly journeys overland, the 
eastern climbing perch can travel hundreds 
of yards over rough roads or even ascend trees, 
and the little mud skipper habitually goes 
hunting after flies along the mud flats, or 
scuffles nimbly up and down the mangrove 
roots, high above water mark 
How some fishes not only lived to produce 
others with swum bladders converted into lungs 
and paired fins modified to form short legs and 
arms, wnth stumpy-toed and fingered hands 
and feet, is told elsew'here m this book 


Accepting the mechanical adaptations that 
made some fish independent of the watei, let 
us see what follow'ed 

Forced ashore by drought, just as the dry ing 
of a pond turns the Amencan aquatic axolotl 
into a terrestrial salamander, the fish became 



GRASSHOPPERS ON WHEAT 
Giasshoppeis aie a menace m Austialia They 
peiiodically descend in countless swanns on wheat- 
fields, dest toying many acies 

newts and dragged themselves about the reek- 
ing mud and tangled vegetation of the coal 
forests The coal that bnghtens our hearth 
may in its day have borne the slimy weight 
of some gigantic eft greater than the sala- 
manders five feet in length that still live m the 
mountain streams of Japan 

Our picture, based upon all the knoism 
vegetation and animals common to the period, 
gives a general idea or summary of one of 
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those vast forests that once co\eied e\eiy 
poition of the earth vheie coal is found, and 
probably many more places that aivait dis- 
co ver)' For anytlimg fiom ten to twenty 
milhon years a foiest such as that depicted 
represented life at its highest 

In an atmospheie and half darkness similar 
to that of the piesent-day ram forests on the 
equator, the vegetation of the coal foiests lose 
out of steanung mud foi a hundred feet and 
moie The next time ^ou come upon a clump 
of horse tails gioiimg b^ some stagnant pool, 
tty'^ to pictuie yourself a pigmy one inch high 
That vould be moie oi less the sensations of 
a modem man suddenly tianspoited back to 
the da^^s hen our coal mines, so indispensable 
to comfort and industiv, veie in the making 

MOSSES BIG AS TREES 

Immense hoi'se tails, tree ferns, and mosses 
exaggeiated to the size of tiees rose on e\ery 
hand Plants often discharged huge seed 
vessels Vegetation vast and rank shut out 
the light, sa%e i\heie it percolated thiough tlie 
grotesque tracer y o\eihead, and sent down spot 
hghts on tlie heaiang life belois’’ 

The coal forests, humnung with insects often 
of a size unknown today, had foi its lulers a 
race of super nei\ts and salamandei's Perhaps 
these gieat batrachians were silent as then 
h\ang representatives Possibly the insects 
alone lent a splash of colour m the peiwadmg 
gloom, for no blossoms ive knoiv today relieved 
the mtenmnable greens and greys of stems and 
foliage 

Of the shapes that crawled upon the mud 
and mithed about the ivaterlogged tree ferns 
and oak-sized mosses -we ha\ e copious exadence 
m fossils, and even in fossil footprints There 
were tiny slipperx^-skinned creatures veiw' like 


the newts and sirens of the present time 
They doubtless piexed upon the countless 
insects until they themselves were xnctimized 

AVhereas our two h\ing species of giant 
salamander's, each no more than four or five 
feet long are the longest amplubians known 
today, the coal foiests sheltered monsters that 
could ha\ e disposed of such at a gulp There 
were creatures like the so-called mastodon 
hzaid measuiing ten feet long x\ath a x\aist 
line of a yard and a half, crocodile shaped 
creatures scarcely less bulky, and pick-axe 
headed nexvts xnth gapes that spread from one 
tip of die axe head to the other, txvent)-four 
inches oi even more 

Like the fish, these monsters seemed impreg 
nable m dieir forest fastnesses, but again 
climatic changes woiked their undoing, and, 
sw eeping into the limbo of forgotten things the 
gieat majority, forced a remnant to explore new' 
lands and found a haidiei race The fishes 
met their Waterloo dirough drought The 
cnsis that came upon the heyday of the monster 
nexx'ts x\ as ice 

ICE EsVADES THE S^VAMPS 

Ice which had twice swept the hardier and 
more adaptable animals from die nordiem 
hemispheie, now converged on the steaming 
sxvamps fiom north and soudi Sxvamps were 
diained and dried, great mountain ranges 
appeared, and everx'xvhere animal and plant 
life, teiTestnal oi submerged, was forced into 
new Ivan'S if its existence xs'as to continue 
Though no fossil tadpoles have as vet come to 
hght, die great nexvts must hax e passed dirough 
a gill-beanng stage, bom of a gelatinous egg, and 
to such modes of i eproduction cold and drought 
alike are unfax oui able The great tree ferns 
and mosses x\-ilted before the coming cold, and 



LINK BETWEEN FISHES AND AMPHIBIANS 
A/ioit/; scientijjcallv as dipnoi popularly as vnid- or lung-fishes, these diffei fiom other fishes in possessing 
lungs, almost three-chambei ed heaits, and multi-cellulai skin-glands The} sunne se\ere droughts The 

amphibians left them behind m the evolutional y lace 
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WHERE NOW STANDS NEWCASTLE-UPON-TYNE 
Forms of life such as these flourished in England foi from ten to twenty million yeais wheie coal is now 
being mined Giant newts and salamanders wallowed in mud amidst the eternal gloom cast by mammoth ferns 


with them went the crocodile newts and 
salamanders Frogs and toads formed no part 
of the coal forest fauna, they are relatively 
beasts of yesterday, so far as ive can tell 
The land, as always, suffering more than the 
sea under climatic changes, responded to the 
neiv conditions m a variety of ivays The next 
long chapter in the earth’s story is called the 
Jurassic Epoch, since it was during this period 
that the Jura Mountains came into being It 
saw the end of the giant mosses and their kind, 
and heralded the Age of Floivermg Plants 

BETTER WAY OF REPRODUCTION 
Plants opened up a new world to the surviving 
insects, a world of nectar and pollen, of wood and 
leaves for building homes, and a host of other 
possibilities Up to this time all the insects had 
been of relatively crude, rough-hervn design 
Cockroaches and grasshoppers must keep going 
from the start Any prolonged food shortage 
spells their end 

The more modern species of insects of the 
Jurassic period not only evolved new ivays of 
feeding, sucking up blood or honey as opposed to 


just chewing, but they found a bettei way of 
reproduction There ^vas evolved the giaib, 
feeding ivith gusto whilst food abounded, then 
facing ensuing food shortage from cold or 
drought with equanimity, wrapped m the tough 
shroud that we call a chrj'sahs 

REPTILES RULE THE WORLD 
The most noteworthy of all changes perfected 
at this time concerns some descendants of certain 
of the salamander clan These animals had 
developed tougher skins, able to resist heat, and 
not needing constant lubrication with water 
They had more effective lungs, and abo\e all 
they produced their young, not from submerged 
gelatinous capsules, but from hard or at least 
elastic-shelled eggs strengthened with lime and 
deposited in mud oi snug burrows dug by them- 
selves, secure from foes above the water line 
When the monster new'ts saw then w'orld 
vanishing before Nature’s gigantic drainage 
operations, the lavers of hard eggs, with some 
of their ivorst competitors removed, came into 
their owm The pioneer reptiles took the stage, 
and their descendants held it, almost undisputed, 
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V VRTIS J0H\':0\ (OTDE WORLD) 

FISH WITHOUT LEGS THAT CLIMBS TREES 
Though without legs this fish is able to tra\el on land and climb trees Fins and scales are its means of 
propulsion It leaves the Matei at regular interxals because it notild die if it did not do so 


for between one hundred and two hundred 
million years 

Of all the great epochs or chapter in tlie book 
of life, the so-called Age of Reptiles has been, 
wnth the exception of the human period, the 
only one to enjov ivhat maj be termed popu- 
larity There is much excuse for this because 
for most of us the Age is assoaated ^\•lth the 
t\ord “ dinosaur,’ meamng tenable lizard, a 
term first used about 1824, t\hen tlie first 
dinosaur to be recognized as such -was discovered 
neai Oxfoi d Dickens refers to the megalosam us 
in the opemng chapter of Bleak House 

VTIAT RADIATRT: ADAPTATION MEANS 

Although the dinosaurs did undoubtedH 
bestiade the \\oild hke veritable colossi foi a 
long penod, thev did not make the Age of 
Reptiles Foi imllions of yeai-s after its opemng 
theie weie no dinosam's at all The fii'st 
leptiles weie lelamelv small creatures, and like 
the earliei members of all groups of ammal life 
showed a remaikable unifoimiW, a pionounced 
sameness of design Then further de\ elopment 
presents a sti iking example of t\hat is knotm as 
ladiative adaptation 

One may pictuie a familv of “ qmns ” For 
some yeai-s tlie) not only look ahke but beha\ e 
alike, pla^^ng wath i\oolly monke)s and rag 
books, and so graduating through meccano sets 


and tov soldiers to cncket But once launched 
upon the i\orld, and such bents as they have 
showTi aie developed, each goes his wa) One 
becomes a cleik, anotliei an artist, another joins 
the na\ty, and so on On rathei different hnes 
something of this kind happens -with ammals 
^\ anderers by nature, the members of an 
ancestral stock spiead out hke the sticks of a 
fan, and each taking a diffeient load, makes the 
best of IS hat it meets isath — or penshes 
CLUMSY ANT> SLOW-FOOTED 

The early lepules, contemporaiw^ ssatli the 
great amphibians, iseie not unlike m general 
shape and size Some scaled six to ten feet 
long, many sseie much smaller But as time 
went on thev began to deselop peculiarities 
which clearly maiked tlie smious famihes and 
species The teeth tended to be of the stock 
leptilian pattern — not set in deep sockets, but 
leaning up against a sort of shelf and held in 
position by tlie gums — and \ers’^ uniform m 
t\-pe, as m most Imng reptiles Thev seem 
to hai e been clumsy of form and sloiv 
footed 

There i\ere otliers, appearing late m the 
senes, -with teeth graded into molars or gnnding 
teeth, chisel teeth, and sharp fangs oi dog teeth 
Indeed, their skulls, excepting that the lower 
jaw was hooked on to the skull in tjqiical 
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reptilian style, bore a striking resemblance to 
the skulls of certain of the more primitive 
mammals 

Yet others of these stiange early reptiles 
did queer things ivith their teeth Some lost 
all of them bar the dog teeth, ^vhlch grei\ into 
huge tusks, and others dropped even these and 
fell back on horny beaks for cutting food m the 
manner of tortoises The strangest of all must 
have been aquatic, for their backs had huge 
sail fins some three feet or more high, and with 
yard-arm extensions to the supporting spines 

BEAST-TOOTHED REPTILES 

As with the super-newts these reptiles, 
particularly the more active beast-toothed ones, 
seemed for a time to command all they surveyed, 
but they too largely succumbed to climatic 
changes The survivors, hoivever, gave the first 
impetus to a second and extraordinary outburst 
of development and enterprise, colonizing all 
the warmer parts of the earth The climate, 
save at the extreme poles, seems to have been 
umformly tropical or sub-tropical The later 
and most prosperous phases of the Age of 
Reptiles saw the establishment of the rich and 
vaned vegetation we know today, and this 
was no doubt largely responsible for the 
amazing opulence of the group 

It was during this second and greatest push 
of the reptiles that the lizards such as we 
know today, and the tortoises and turtles came 
into being The curious primitive or anomalous 



VERSON EDWARDS (MONDIALE) 


PRIMITIVE REPTILE OF AMERICA 
Dimetrodon gigas lived in Noit/i Amenca two 
hundred million yeais ago It was about the size 
of a St Bernaid dog 



VERSOS EDWAPDS (^OSDIALE) 

HELMET-CHEEKED LIZARD 


A helmet of bone coveted the skull and cheeks of 
Panasaunis baini A vegetal tan, it lived on land 

reptiles, as they are called, persisted side by 
side with the more spectacular forms, but made 
no great show until considerably later 

Besides the dog-like teeth of some, there were 
noticeable other peculiarities, such as very 
mammalian shoulder blades One of these 
animals suggested a hyena almost as much as 
a lizard Although we cannot know for certain, 
this or some similar forms may have been 
anticipating the transition from cold to ^varm 
bloodedness, and an exchange of scales for haii 

COMING OF THE DINOSAURS 
But for a long time to come, the ^vorld was 
to see a senes of extravagant developments and 
lavish expenments m numerous directions The 
relatively lately-risen land masses \\'ere very 
different from M'hat they are noiv From North 
America stretched a palmy way through Green- 
land and Northern Europe to Asia A great 
gap between North and South Amenca led 
into a sort of inland sea that continued into the 
Mediterranean, and so, via a sort of canal, now 
the Indian Ocean, to Australia South 
America, Africa and India Avere one 

Here, until a subsidence rearranged the mam 
portions of dry land, roamed an extraordinary 
medley of forms, gaining in size and complexity 
as time ivent on Over five thousand kinds of 
dinosaur have been listed They are broadly 
dmded into four groups, beast-footed, bird- 
footed, lizard-looted and armoured dinosaurs 
Availing themselves of the lush herbage, 
some turned from an insect or mixed diet to an 
exclusively vegetarian one They must ha\e 
scarcely stopped eating to support their vast 
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bulks Foi all this they ivere pioportionateh 
hght loi their size The accepted plan of such 
monsters ivas an elephantine body isath a long 
neck, an absurdly httle and almost brainless 
head, and a serpentine tail So small was the 
cranial capaclt^’■ that an appreciable intenal 
must have passed for one of these giants to 
lealize that someone had trodden on its tail 
The skeleton of a seventy-four feet long ’\\ hale 



\ERNON ED^\ UIDS (M0\DI\LE) 

BIRD-FOOTED REPTILE 


This four-toed, plant-eating dinosaurian reptile 
climbed the trees of the Isle of Wight one hundred 
million years ago 

w eighs nearly eighteen thousand pounds, but the 
bones of a dinosaur tlie same length w eigh onlv 
about ten thousand pounds, so that brow sing off 
a tiee top forty-fi\e feet above giound would be 
accomplished by the beast just hoisting itself up 
on Its lund legs The largest dinosaui knoivn, 
one lately found in Afiica, stood nearly twenty 
feet lugh at the shoulder, and could nonnalK 
carry its head durty-fiie feet above ground 
level 

Monstei's built on tins generous plan, and 
all closely alike sa^ e in minor details, have been 


tiaced in North Ameiica, Greenland, India, 
Afiica, Mongoha and Austraha — even ivhere 
London stands Some eminent authoriPes 
behe\e that these mountainous lizards largely 
biowsed off bankside heibage ^vhllst keepmg 
then bodies submerged If such safety-firs' 
pi ecautions ei e the rule, there was admittedly 
good leason for tliem 

GIGANTIC FLESH-EATERS 
Parallel wuth these hzards, and other huge 
kangai oo-shaped herbi\ ores like the iguanodon, 
tliere giew up a race of gigantic flesh-eaters 
They must have been truly terrible hzards 
\\ hilst the cai mvorous dinosaurs 'w ere often no 
bigger than blackbirds, the largest stood four- 
teen feet high when laised upon their hind 
legs, which were propoi tionately much larger 
and stouter than those of the heftiest kangaroo 
These brutes when in action i\alked erect, 
with the tail cleai of the gi ound {w e knmv this 
b} dieir fossil footprints), and must also have 
been able to make tigerish leaps The fore- 
limbs weie dispi opoi tionately small but bore 
cla\\-s like those of a lion, and the huge jaws 
bnstled with tw o-edged teeth four or five 
inches long 

It in\aiiably happens that an aggressor 
sooner or later compels the aggressed to pursue 
one of ti\ o lines of conduct — flight or defence 
Some of the laigest dinosaurs, unable to seek 
lefuge in the i\ater, oi eiolie, hke some others, 
on ostnch-like lines, began to pile up the most 
massne armour 

HEAVY ARMOUR AND LIGHT BRAIN 
In Noith America, which w^as at this tune 
unusually nch in dinosaurs, there occurred the 
gicat bud-footed hzards known as stegosaunans, 
or spine-armoui ed hzards Some of these 
creatures had the hips oi entire back roofed 
with bonv plates, and big hoin-co\ered spikes 
of bone surmounting the shoulders and langed 
along the sides hke the blades on Roman 
chanot wheels 

The mightiest stegosaur had two ro'w's of 
triangular spmes langed along its back, and 
seveiai pairs of spines on die tip of its tail 
The beast measmed about twenty-four feet 
oier all, stood se\en feet at the hips, and its 
tallest spines -weie two feet or more from base 
to apex But what it boasted in armour it 
lacked in sagacity The brain iseighed only 
two and a half ounces 

As diough to countei this there was a sort 
of secondaiy ner\e centre, or huge si\elhng of 
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CHARLES P KNIGHT VERNON EDWARDS (MONDIALE) 

DINOSAURS OR “TERRIBLE REPTILES” 

Upper Trachodon Mirabilis, a duck-billed monslei bf the Cietaceous pe’iod It was a \egetanan and 
2 hoppei Lower Centrosaurus apertus, which lived eighty million yeais ago in North Ameiica It 

2vas more ferocious in appearance than in leality 
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the spinal cord in the pelvis This auxiliary 
nen^e centie iveighed ten times more tlian the 
biam proper, and possibly controlled the hmd 
legs and ivagged the flail-Iike tail Small 
^TOnder that ^\hen Professor Marsh made this 
monster kno^\^l for the first time the Ameiican 
Press hailed it as the hzaid -wath t\s'o brains 
Theie "was anothei group of armouied 
dmosams, also chiefly^ Ameiican, that, -uhilst 
shomng lo-ws of spines on back and tail, con- 
centrated chiefly^ on the defence of the head 
and shouldeis, piotecting the lattei by' a huge 



A’ERNON EDWARDS (MONDIALE) 

STEGOSAURUS STENOPS 


Ai mowed with scales, bony plates and spikes This 
dinosaur Ined on plants and laid eggs When 
full grown It ii’fls about U\ent\-fi\e feet long 

fiall of bone sprouting fiom the hinder part of 
tlie skull In tlie largest kinds the head bore 
a huge horn, two feet long or more, over each 
eie, and an equally impressne iveapon on the 
nose It has been suggested, -with leason, that 
the armour of this beast became m time so 
heaiy as to defeat its ot\n object and becoming 
too cumbious to moie ■watli ease, led to the 
extinction of the gioup 

For many' vears it -was debated ivhether the 
animals laid eggs oi boie their \oung ah\e 
Many' scientists iveie in faioui of the lattei 
suggestion, but m digging out the smallei fore- 
lunners of the gioup m Mongoha, about a 
dozen potato-shaped objects each nearh a foot 
long came to hght One such showed a break 


in the outer crust, and within, petrified hke 
the adult skeletons, ivas revealed an infant 
dinosaur — so some at least laid eggs 
T]ie dinosam's, ishilst dommating dry land 
and liver maigins, were not the only' reptiles 
of the period Just as the insects, evolved fi-om 
aquatic creatuies, returned to aquatic hfe m 
such foiins as alder and dragon flies and i\ater 
beetles, so some of the reptiles became entirely 
aquatic, and fed presumably' on fish Fore- 
most of these tseie the huge fish lizards or 
ichthvosaurs, superficially' combming the croco- 
dile and porpoise m the form of head and 
body and paddle-shaped flippers Some grew 
in their adult stage to o\er tlurty feet long 

NECK AS LONG AS BODY 
These swift-mo\ing monsters, is Inch took the 
place of w hales, must ha\ e had amazing 
sight The eyes were pro\ided -with bony 
diaphragms, as seen in birds, and the con- 
verging plates, adjustable to command a wide 
range of \ision, might measure fully' a foot 
across Crocodilian as to then extenors, these 
tenors were \ery fish-like inthin Fossil cast- 
ings of their excieta ha\e been found, and 
these, naturallv taking the shape of the mtes- 
tine, show a spiral formation similar to that 
observed in hMng shaiks 

A little later to appear than the first fish 
lizards -were the cunous monsters knoivii as 
plesiosaui's, oi neai hzards as the Greek name 
implies They' iv ere as large as the ichthyosaurs 
and verv' similarly shaped save foi the head 
and neck The small hzard-hke head was 
mounted on a neck quite as long as the body, 
and accounted for about a third or e\en more 
of the total length Despite its snaky appear- 
ance this neck must have been cunously 
inflexible 

RELATR'ES OF THE MONITORS 
Possiblv the fish lizards bore their % ouns: 
ali\e, as do some shaiks, for their relati\es the 
neai lizaids ha\ e been found ^\1th theu fossilized 
infants caged ^\1thln the bod^ -^\ all of the parent 
Gieat hawk-headed turtles, twehe feet across 
the flippei's, shai ed the seas with these temfimg 
monsteix, but one imagines all must have 
quailed before the mosasaui's 
These hzards ■were distant lelatives of the 
existing momtoi'S, but had the feet comerted 
into paddles, and a tail that constituted more 
tlian half a possible total length of foity'-tivo 
feet The mosasaur must ha\e possessed an 
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FORMER DENIZEN OF ENGLISH WATERS 


Ichthyosaurus, a mat me leptile, was about thirty-five feet long It had a long snout, with sharp teeth, 
short neck, two fins and four swimimng-paddles It visited the shores of the Biitish Islands about one 

hundred and fifty million yeais ago 


unusual swallowing capacity The lower jaw 
ivas hinged about the middle at either side, 
so that when an unusually large mouthful was 
contemplated, the whole contraption simply 
bowed outwards like the lower jaw of a pelican, 
and so the seemingly impossible meal became 
an actuality Thousands of these creatures 
have been unearthed, ample testimony to their 
one-time abundance 

The biggest sea-going reptile we know today 
IS the Estuarine crocodile of Eastern waters 
It grows to twenty feet or more The early 
crocodilians of the Age of Reptiles were not so 
unlike those now living, but probably more 
adapted to a life m open water Some had 
curiously hooked lower jaws, and in many 


ways suggested the slender snouted fish-eating 
gavials of India and Malaya Some must 
have fed on cuttle fish, for stones — sivalloived 
perhaps to aid digestion — have been found m 
their interiors, dyed black with sepia shot out 
by the squids when being sivalloived Manv of 
these marine crocodiles have been dredged 
from the Thames estuary and other parts of 
England, clear indications of the tropic climate 
of the Reptile Age 

All living crocodiles have the closable nostrils 
placed at the extreme tip of the snout, but 
a number of the early forms, like the great 
fish lizards, had their noses set immediately 
m front of the eyes or ev'en on top of the 
head, as m modern ivhales 
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The toitoises also ^\ere well established by 
this tune Whereas the few giants now left are 
scattered over distant island groups and seldom 
scale more than six hundred pounds, during the 
Age of Reptiles theie weie monsters tivelve 
feet over the cuix-e of the carapace or shell, 
and iveighing more than tivo thousand pounds 
One of these ivas found m 1923 in the Siwalik 
Hills of India Some had horned heads 
The tortoise and turtle represented the last 
word in armament Scattered plates oi bands 
of bone coalesced and cemented to the ribs 



«IDE WORLD 

LAST WORD IN ARMOUR 
The turtle earned annoru-platrirg to an extreme, 
and thorrgh rt thereby becarrre extrerrrely slow rt 
rrranaged to srtrvtve 

and spine till an ovoid box was the result 
Complete enough as a coveiing to limbs and 
head, it gieatly hampered movement, and the 
land tortoises without exception are taidy to a 
degree Yet they persisted ivhere many more 
mobile monstei's met uath extinction 

While the giant reptiles ivere pihng up arma- 
ments and eventually cripphng themselves in 
so doing, others developed on quite other lines 
Fishes may already have essayed tentative 
attempts at the conquest of the air the reptiles 
made it an accomphshed fact 

The flying dragons, oi moie coirectly 
pterodactyls (iving-fingered reptiles), attained 
flight upon lines being successfully followed by 
some othei and less well-known ammals 
They anticipated bird structure m the shape 
of the head and its being set on the neck at 


right angles, in their dense but hght bones, 
and keeled breast bones But the actual organs 
of flight were unique, for the skinny wing 
membrane stretched from thigh to ankle, up 
the cieature’s sides, and Anally found attach- 
ment on the enoi mously exaggerated little fingers 
The lest of either hand ivas free, and no 
doubt the ammals scuffled and scrambled about 
rocks and trees in a very squinel-like manner 
when not soaring above the waters and diving 
for fish, on ivluch they are believed to have 
chiefly fed There were pterodactyls uath short 
tails, and some ivith long ones Teeth might 
bnstle in the jaws hke thorns on a bnar, or 
be altogether tvanting 

AMERICA’S FLYING DRAGONS 
Very perfect impressions of the uangs have 
been found in the lithographic stone quarries 
of Bavaria The race seems to have been 
ivorld wide, to have steadily increased in 
numbeis and average size as time went on, and 
to have i cached a giand chmax winch coincided 
with that of the dinosaurs Some flying di agons 
from Amenca shoiv a wang-span of tiventy-five 
feet, moie than twace that of the largest condor, 
and had extraoidinaiy^ pick-axe shaped heads, 
the hinder portion perhaps counterpoising the 
horn covered beak, or as some suggest support- 
ing speaal muscles ivherewatli to opeiate the 
enormous wings 

The above wall serve to give some idea of 
the moie devious forms of life that populated 
the earth for so long more than one hundred 
million years ago The great herbivorous 
mammals, big cuisorial birds and slayers of 
eveiy^ grade as ive know them today ivere 
caricatured by cold-blooded scaly-skinned 
reptiles They seemed destined to own the 
earth for all time, but as they rose to then 
zemth the processes of sunset ivere at ivork 

COMING OF THE LIZARD BIRD 
The land masses ivere becoming more defined, 
but from the north, as happened seveial times 
again in the earth’s history, the cold ivas 
steadily encroaching on the dmosaurian para- 
dise In lesponse to this, perhaps, certain small 
and unobtrusive reptiles w'ere foitifjnng them- 
selves against the things to come 

From the lithographic stone of Bavaiia there 
were retrieved m 1861 two very remarkable 
htde skeletons showung the lizaid bird or bird 
lizard, noiv knowm as archeopteryx, or “ ancient 
wanged ” animal This creature, represented it 
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LIZARDS OF TODAY AS GROTESQUE AS THOSE OF REMOTE AGES 
Reading from top Beaided Austialiaii, fulled and fin-tailed lizards Although most oj the two thousand 
five hundred known species have a ferocious appeal ance, only the Gda nionstei of Mexico is poisonous 
The pi ocesses of evolution may be stiikingly observed today in the Dalmatian Islands, where tno species 
of lizard are lapidly sepaiatmg into numeious varieties 
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IS thought by two distinct species, is desciibed in 
the chapter entitled ' Evolution as the Clock 
Ticks ’ 

So unlike any biid we know today, it i\as all 
the same a bird in veiy^ fact, happy in that one 
feature the reptiles lacked to save them from 
impending disaster The lizard bird had 
featheis Relatively speaking, cold ivould have 
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REPTILE THAT FLEW 


Pteranodon Occidentalis had a wing-span of eighteen 
feet His beak was toothless and his legs were weak 

no tenors foi it, and once hainng achieved this, 
it had compaiatively httle more to learn It 
could command the air at altitudes impossible 
to pterodactyls, and no doubt place its eggs 
well out of leach of most reptihan competitors 
This, It isall be realised, was an extremely im- 
portant consideration from the point of \new of 
survival 

That reptiles did not leap at a bound fiom 
crawhng things to the aerial magmficence of 
archeopteryx is ill be obwous There must be 
many other half-isav ts^es bndgmg the gulf 
betsseen reptile proper and reptile bud ais'aitmg 
discovery or lost for ever Scales split into 
feathers giadually, and there must base been 


much ineffectual leaping and amateurish gli din g 
ei e flight “w^as fully under command 

Birds attained “ perfection ’ much sooner 
than did most other groups Once feathers and 
flight is'eie theirs anan education is as complete, 
and m essentials model n birds hai e altered little 
from tlieii forbeai-s milhons of years ago One 
does not think of the eaily buds being any very 
serious menace to the great reptiles Perhaps 
some sensed as tick gatherers to the lumbermg 
vegetal lans, like the ox peckeis and catde 
egi ets of today 

DYING MONSTERS 

But there iseie other leptiles changing upon 
anothei plan, and in them most scientists see one 
pnman' leason foi the dramatic closure of the 
Age of Reptiles These beast lizards, as they 
may be called, though small, had, unlike the 
birds, met cold by gromng hair instead of 
feathers, but like them possessed ivarm blood, if 
manv degiees colder than that of the average 
bud These flrst beasts, httle egg-lapng bur- 
loiiei's. Here m all probability great egg 
stealere It is almost universally accepted that 
there ensued an epoch of egg rolhng and egg 
smashing Monsters-to-be i\ ere routed out and 
devoui ed ere they could chip the shell, and this 
coupled inth the encroaching cold, closed the 
Age of Reptiles foi ever Suddenly, as the 
drainng of a bhnd or the turning of a smtch, 
the dinosaurs and pterodactyls, the plesiosaurs 
and othei sea raiders came to an end — utterli 

UPSTART NTW-COMERS 

Theie is nothing to parallel then fimsh m all 
the eai th’s long stoiy, so sudden and irrevocable, 
so umveisal m its siieepmg effacement The 
httle egg smashes, vahant in tlieir is arm furs 
and high himg, is ent on to spread to all points 
of the habitable landscape, to colonize and meet 
all objects as they occuiTed, and so open the 
tluid and last chapter m the Pageant of die Past 

Different though the upstart neis -comers is eie 
from tlie giants they had ousted, history, as 
isath all the foregoing groups, m some is^ay 
repeated itself Once again theie is^as to be 
observed that cuiious unifoimiW, a same- 
ness amongst the ever-mcreasing mammals 
One could not at haphazard say this is an 
msectnore, that a carmvore, tins a vegetarian, 
or again, that that beast was obinously fitted to 
catch and dev our fish 

The cataclvsmal upheaiungs of earth ishich 
diained the dmosaui's’ rich semi-aqueous 
pastures and piled the dinng monsters one upon 



EXTINCT BIRDS COMPARED TO AN OSTRICH 
The existing ostiich is maiked X 1 Archeopteiyx, the ancestial bud 2 Diatiyma with a pnmitne 
hoise m its beak 3 Gieat carxama 4 Dodo a modem species lived in Maiiiitiiis until the latter 
half of the Xlth century 5 Solitaire 6 Inva 7 Odoiitoptei yx 8 Gaimet 9 Wingless dner 


another, as we find their fossilized remains 
today, must have taken toll of many mammals, 
but the mass won through It is likely that a 
tew of the lighter bird-hke dinosaurs still 
lingered long after the bulk of the giants had 
vanished The ostrich and the crocodile today 
represent, m various anatomical features, the 


nearest approach we have to dinosaurs, and 
some of the light cursonal t^'pes weie \er)' 
ostrich-hke in general appearance 
They could run after the early mammals 
which they caught m the open, and almost 
from the first the warm-blooded hairy beasts 
must have faced many difficulties For about 
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ninety million years after the close of the Age 
of Reptiles the mammals shoived as very 
generahzed t)^es, some Imng in the remaimng 
swamps, others the cooler and diied areas 
marking the uprising temperate regions, ivhich 
were still ivarmer than ivould be considered 
normal noiv 

The end of this transitional^^ penod saiv the 
beginning of ■what is called the Daivn Age 
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HAS DINOSAUR FEATURES 
With the possible exception of the ostiich, the 
crocodile is the neatest appioach to the dinosauis 
alive today 

The mammals began to find their feet, and a 
wonderful tale is told by the ivealth of fossils 
belonging to that time Alany crude buds ivith 
tooth-filled jaivs, one in particular being a huge 
flightless diver, folloived archeopteryx, and in 
turn gave ivay to birds of modem t)^es But 
the greatest changes ivere seen amongst the 
mammals They largely tended to have five 
toes on each foot, and in these plantigrade 
creatures, chiefly of fox size and probablv 
baried or spotted, ive see the first precursors of 
the beasts we know 

Already competition had set m isath a 
vengeance Slayers appeared, and those 
ammals that clung to a vegetarian diet met the 
usual alternatives to extinction — armour, con- 
cealment or flight Some of the httle fox-like 
beasts rapidly developed as runners, the heralds 
of the horse There weie tapii-s no bigger than 
pigs, flesh-eaters of a fox-beai -hyena type, big 
weasel-bears, bear dogs, monkeys, lemurs. 


small hornless horsey rhinoceroses, and the 
strange monsters called dinoceroses, beasts ■w ith 
terrible horns They -were elephantme m bmld, 
about the size of coivs, and the head fairly 
bristled vath horns, knobs and tusks For many 
millions of years the brain cases of most 
mammals ^vere vastly smaller than those of 
modern beasts, but hfe was noiv a war of wits 
for all that 

CAMELS NO BIGGER THAN HOGS 
Vei*y grotesque aimour marked some species, 
but they continued to hold the stage for a short 
time only Antelopes had horns on their heads 
and noses, and grew long tusks like Imng musk 
deer and is'ater deei. There ivere hogs as big 
as ponies, and iveird humpless camels no bigger 
than the hogs 

The bone beds of the time cast some interest- 
ing side-lights on the lives of the creatm es The 
camels went m big herds, trekking from grazing 
ground to glazing ground, from ivater-hole to 
w ater-hole They halted at night, and in times 
of drought, dawn found them on the move — but 
leaving a mass of dead and dying behind 
In Noith Amenca the tale of earth at this 
time is ‘pai ticularly lucid Life just sivarmed 
everjnvhere On the plains ^vere burrowers, 
particularly marmot-like beasts i\ath tivo horns 
above the eyes, and the swamps \s'ere haunted 
by the \veird titan beasts rather like rluno- 
ceroses These i\ ere hornless at first, but later 
some developed huge paired horns, and one a 
single horn two feet high ^\ath a flattened 
mushroom top 

CHANGES ON THE MAP 
Sea still separated North and South Amenca, 
but the bridge between North Amenca and 
Europe had submerged, so had the land 
between North Amenca and Greenland North 
America seems to have been the headquarters of 
the titan beasts, as also of the terrible horns, 
but Asia also adventured in this direction 
There ivas a marked and steady increase of 
size m all the mam mammalian groups, and 
Asia presentlv produced the vastest animal of 
all — the baluchithenum, found only a few years 
ago in Baluchistan This “was the hornless 
rlunoceros standing seventeen foot at the 
shoulder, and able to broivse off urees twenty- 
foui feet from the ground Its brain was 
negligible 

Once again a back-to-the-ivater movement 
shoived Itself A pig-hke creature, destined to 
found the race of elephants, haunted the 
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DISTRIBUTION OF CHIEF LAND MASSES AND CHARACTERISTIC ANIMALS 
At the top of the page the main portions of the wot Id aie mapped as m all piobabihtv they appeared some 
ninety million years ago, m the centie as thev weie one million yeais ago, at the bottom as they aie now 
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CHARACTERISTIC MAMMALS OF NORTH AMERICA 
1 Dawn animals (one Juindied million yeais ago) 2 Giant pigs, titan beast, i liinocei oses and camels 
(fifty million yeais ago) 3 Clawed glazing animals, antelopes and elephants (twenty million yeais ago) 
4 Camels, lioise and manatee (five million veais ago) 5 One million yeai s ago Heavy lines = five feet 
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CHARACTERISTIC MAMMALS OF SOUTH AMERICA 

1 Primitive “ geiieiahzed ” mammals, maisiipials, aimadillos and sloths {one liwidied million ^ears ago) 

2 3 and 4 Maisupials, toxodonts and pnmitne hogs of fifty, twenty and file million }eais ago lespectneh 
5 Giant sloth, aimadillos and biowsing animals tl at hied one million yeais ago until almost Ivstonc times 
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CHARACTERISTIC MAMMALS OF ASIA 

1 Dawn animals that shared Asia and North America {one handled million yeais ago) 2 Baluchitheriitm, 
largest of known land animals, on extieme light (fifty million veais ago) 3, 4 and 5 Coming of the 
elephants, giraffes etc , and primitive man {twenty, five and one million j ears ago respectiveh ) 
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CHARACTERISTIC MAMMALS OF EUROPE 
\ ’iiammals On light a once cosmopolitan i\hale {one hundred million )eais ago) 2 and 3 

Archaic mammals and some living kinds— ant beai and pangolin, now confined to Afnca and Asia (fifn and 
twenty million yeais ago i espectively) 4 Vaiioits tiopic mammals (fi\e million sears ago) 5 Mammals 

of the Ice Age 
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CHARACTERISTIC MAMMALS OF AFRICA 
1 Dawn mammals Ext i erne left, the ancestial elephant {one hundied mdhon yeais ago) 2 Steps in 
elephant progiess, primitive flesh-eateis and the two-hoined monstei of the Fayiim, Egypt (fifty million 
yeais ago) 3 and 4 Typical animals, some still living {twenty and five million yeais ago respectively) 
5 Living mammals and {left) extinct giant lemw of Madagascar 
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ONCE CALLED CAMEL-LEOPARD 


At a toleiably lecent peiiod the gitaffes appeal to 
have become isolated m Afnca 


maisupials as big as cart horses, giraffe camels, 
gazelle camels, possible forerunners of the 
modem llamas 

In the north tvere the lumpish hippopotamus- 
hke ammals called amblypods, and diatryma, 
a terrible-looking bird qmte incapable of 
flight, but evidently a killer, and equal to 
Avalking off with one of the little three-toed 
hoises, now growm to the size of sheep The 
pigs of Europe and North Amenca were as 
big as rhinoceroses by this time, and in Africa 
weie monsters wathout their parallel today even 
in that last refuge of the great game 
animals 

MONSTER OF THE FAYUM 

The first of these was something between a 
rhinoceros and an elephant but trunkless, and 
wath a pair of horns a yard high on Ts nose 
They were hollo^v and so could be brought 
into action with effect against the hyena bears 
that may have plagued this beast in its sw'ampy 
fastnesses, where notv lies the Fayum 
desert 

The other beast, from Central Afiica, was 
an elephant of a kind It is knotvn as the 
terrible beast and had a pair of enormous 
semi-cncular tusks hanging from its chin only 
Like many othei queei experiments on Nature’s 
part, it seems to have developed on hnes that 
militated against success, for it died out after 
a comparatively short lease of life 

BUILT ON CAMEL-LIKE LINES 

About the same period a bizarre essay on 
camel-hke hnes w^andered m North America 
This beast, knoism as moiopus, looked like a 
huge, a\\kward cart horse -with the head of a 
Shetland pony Its glory lay in its feet There 
weie three toes only on each foot, and the 
inner toe of each forefoot had a claiv such as 
no mammal living possesses The teeth of this 
ivatless monster point to a plant menu so the 
claws must have been for digging latlier than 
aggression, and incidentally must have given the 
moiopus a most extraordinary gait Thiough- 
out this time the horses tended to lun more 
and moie on tlieii middle toes only, and the 
elephants’ faces grew longer and longei 

Gieat Britain, by serving at inten^als as a 
gangway between east and ivest, acquiied an 
extraordinary fauna Forms characteristic of 
both the Old and the Neiv World figure in 
the soils and rock stratas of the British Isles, 
pointing to the floiv of ammal traffic through 
the geologic ages 
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MEMBERS OF THE TITANOTHERE FAMILY 
Titanotlieies, now extinct, once loomed the plains of Noith Anieiica and Asia The cat best known 
specimens were not much laigei than sheep, but some of then descendants had a gi eater bulk than the 

piesent-day ihinoceios 


Many geologists regard Asia as one of the 
great cradles of the mammahan race Unfortu- 
nately the extraordinary variety of its fauna 
in times past is difficult to study expeditions 
are costly, and the rigours of the climate 
sufficient to deter all save the most enthusiastic 
We have already seen that Asia was the home 
of the largest land mammal, the shovel-tusked 
mastodons, and the battering ram titanotheres 
In the remote past it also harboured huge 
giraffe-like animals, one named sivathenum, 
the beast of Siva, aftei the Indian goddess of 
destruction, had a head covered wath horns of 
vanous sizes Another giraffe-like monster 
suggested a giant okapi 

GIRAFFES ISOLATED IN AFRICA 
At a tolerably recent penod the giraffes 
seem to have become isolated in Africa, the 
giraffes proper amid the acacias of the plains, 
and the okapi in the heart of the Ituri forest 
There, ive are told, thin pencils of light pierc- 
ing the gloom shine only on its hocks, so that 
its pattern of stripes, so conspicuous in a zoo, 
there blend perfectly with the background of 
dense vegetation Unhke the true giraffe, the 
okapi feeds upon fruit as well as leaves 
We are fast approaching relatively recent 
times The Pliocene period dates from not 
much more than six million years ago, and it 


found the mainland masses disposed much as 
thev are now It lasted five million or so 
years 

Afnca had a fauna not unlike that of today 
Australia had a strange collection of huge 
pouched animals, somewhat like those once 
common in South Amenca There ere i\ om- 
bats as big as bears, phalangers — “ pouched 
cats ” as large as or larger than lions — big 
kangaroos and other strange animals 
SOUTH AMERICA’S MENAGERIE 

South Amenca presented a unique menagerie 
Strange tapir-pig animals, once common, were 
less numerous, but extremely abundant was a 
vanety of camel with a long slender half trunk 
with which It must have plucked leaves as a 
giraffe gathers them ivuth its tongue Most 
strikinsr of all w^as its collection of sloths and 
armadillos Some of the former w'ere like those 
that came to a tragic end m the tar traps of 
California, but much bigger 

The megatherium, or big beast, i\as as 
massive as an elephant, with a gigantic lower 
jaw' and pendulous snout This and other great 
sloths could not, of course, have climbed like 
the little modern sloths Thev must ha\ c 
squatted on their massive haunches and tails 
as on a tripod, and dragged dowm tree branches 
wuth their enormous arms 
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"With these ^seIe armadillos, big as the 
biggest tortoises and, like them, enclosed m a 
sinsrle box-hke shell The oidman^ banded 
armadillos also lived at or about tins time, and 
some had two pan's of long, shaip-pointed hoi ns 
on their heads But the giants -weie qmte 
umque E-sen the tail -was enclosed m hea\^’ 
armoui , and m some species the tail s\ as tipped 
wth a veritable bush of gieat spines, stronglv 
reminiscent of the clubs used by medieval 
kmsfhts 

O 

MONSTER BIRD OF PATAGONTA 
At tlus time the birds developed propoitions 
sm passing any that Ave know today In 
Patagonia stalked a huge flightless monster 
suggestive of a cariama, but i\ith a dispiopoi- 
tionately big head nearlv a yard long, svhilst the 
■whole fo-ul stood eight feet oi moie in height 
A fox isould only have made an unsatisfactors 
mouthful foi it There were big flightless 
pigeons like the dodo and the sohtaiie, and 
flightless sea buds like the Galapagos cormoiant 
and the great auk of Iceland 
Most conspicuous were the ostnch-hke birds 
isolated foi the most part upon islands \vhere, 
unmenaced by competitors of any kind, tliey 
developed to a huge size The modern ostrich 
IS a big bird if it stands eight feet m height, but 
it -would seem a mere clucken compared to 
some of Its extinct lelatives They were 
characteristic of the soutliern heimsphere 
One species, beheved to have lived m Nei\ 
Zealand at the time of Captain Cook’s vusit 
(1777), was known as the moa, and named bv 
Professor Richaid Owen in 1839 as Dinoims 


strutiuoides — the terrible bird hke an ostrich It 
ivas, we may suppose, exterminated by the 
Maoris The laigest species, foi there were 
manv, probably stood full) ten feet m height, 
\vhilst the smallest kinds scaled no more than 
three feet Giant birds of this kind, as -^s ell as 
emus, flouiished in Austiaha, but all of them 
were d\\arfed bv ceitam huge and completely 
wingless buds living m Madagascai 

Like the dodos, great auks and many other 
birds, these feathered giants seem to ha\ e ow ed 
then large size and inabihty to fly to the 
seeming security of island hfe The inventors 
of scientific names fairly exhausted their list of 
superlatnes m attempting to gi\e the gieat 
cui-sonal buds fitting titles Great, high, 
teriible, titan, thunder and elephant-footed — 
all these terms figme in the list 

FE4THERED GIANT 

The largest of all Madagascar s big buds 
was the giant aepyomis Its eggs aie stdl found 
bulled in the salt mud surrounding lakes and 
rner mouths, and even occasionally floating 
out at sea, having been washed clear of their 
bunal places and made buov'ant by" the oil within 

Such an egg may measure over a foot m 
length, and have the capacity" of slx ostnch eggs, 
one hundred and forty"-eight hen s eggs or 
tluity’ thousand humming birds eggs One 
can only" v\onder what the future might have 
held foi these birds, and all othei islandei-s, 
had thev" been left to enjoy" their seeming 
securitv' indefinitely But an island only" giv"es 
security so long as no foes can gam access to it 
The seas that saved the moas, dodos and all 
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CLASSED WITH THE EXTINCT MOAS 
The ostrich, the laigest living bird, is classed by scientists with the extinct moas The huge eggs of the 
giant aepyomis had the capacity of six ostrich eggs, shown abo\e 



BONY FRAMEWORK OF A MAMMOTH OF THE DEEP 
The whales aie the largest living animals and show a liighei development than any othei aquatic mammal 
Repi esentatives of the sulphin -bottom species attain a lengdi of eighty-seven feet Whales sunned because 
they learned to like the cold, within limits Here woikeis are putting logethei a whale's skeleton 


other helpless monsters from many predaceous 
mammals, were no safeguard against the most 
predaceous of all — man — and so soon as he 
conceived the canoe, an island refuge proved 
but a fool’s paradise 

SABRE-TOOTHED CATS 
The last of the geologic periods — the 
“ newest ” as its scientific appellation Pleis- 
tocene implies — saw the highest peak of 
mammalian development Giants were not 
only abundant everywhere, but the same kinds 
of giants enjoyed an enormous range 
Some of the big sloths of South America 
pushed northwards as far as California, nearly 
a dozen kinds of wild horse inhabited the Nerv 
World (there were others m Europe and Asia), 
elephants, camels, deer, antelope and flesh- 
eaters of all kinds were equally common 
Almost all the mam mammalian groups show 
a steady increase of stature with the passage of 
time In the Pleistocene epoch all the carniv- 
orous families could show members just a little 


larger than is customary now The sla%crs 
without parallel were the latest repi esentativ cs 
of the sabre-toothed cats, which began as 
creatures not much bigger than a modem lynx 

The biggest of all now had upper tusks nearly 
a foot long They ivere two-edged instead of 
rounded, and some authorities think the beast 
usually hooked itself on to its victims by means 
of these grapnels and drank blood, licking it up 
from beUveen its front teeth like the present-da\ 
vampire bat ^Vhether the beast died from 
over-speciahzation, sudden climatic changes 
or man’s agency ^\e shall never know , it has 
passed unlamented 

KILLED BY COLD 

The w'hole of the last great prehistoric 
chapter m eaith’s story ^vas, as already men- 
tioned, punctuated by alternate invasions of ice 
from the north and mter-glacial penods ol 
relative prosperity The cold spells, and theie 
were apparently four of them, on eacli occasion 
sw'ept a^vay ■whole races of giants Surviving 
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animals, levelling in the return of ivarmth and 
vegetation, prospered like nations betiveen 
wars, and launched out upon a hundred pros- 
pects of expansion and development — ^until the 
next set-back 

Gold, though stdl unfavourable to the great 
majority, ivas by its constant imminence a less 
devastating happening than the cold which 
ended one hundred and twenty-odd million 
years of reptde exuberance The tropics still 
nurtured giant reptiles — hundred-foot momtor 


/ 



LARGEST OF THE DEER 
The elk is found in the siibaictic foiests of both 
hemispheies The extinct giant elk itm of a 
diffeient species 

lizards, and even a sixty-foot poisonous snake 
ivith fangs as big as a tiger’s claivs 

But there ivere many of the mammals which 
had learnt to hke the cold, iNnthin limits 
They could at least live on the edge of it, and 
since cold affects water less quickly than it does 
land, plenty of aquatic mammals, the whales 
and enormous sea coivs — relatives of the 
elephants — habitually wandered northwards, 
finding abundant and satisfying food there 
Terrestrial mammals, living on the edge of 
the ice, found moss to eat beneath the Avinter’s 
snow, and enjoyed a short but riotous banquet 
of high living during the brief Arctic summer 
The fur bearers were in evidence, elk and musk 


oxen, wild sheep and beavers as big as bears, 
and on the heels of all these the usual harassing 
hordes of carmvorous animals 
Two races of elephants ivere now at theu 
highest development, the stately mammoths — 
represented today by the Asiatic elephant — 
and the shoit-legged mastodons, so named 
fiom the nipple-shaped protuberances on theu 
grinding teeth Both These races, instead of 
fleeing like many other beasts before the ice, 
hovered on its outskirts, and both developed 
dense coats of coarse reddish hair The 
mastodons seldom stood more than mne feet 
high, but the imperial mammoth reached about 
fourteen feet — a yaid more than the famous 
Jumbo — and had tusks fifteen feet in length 
and extravagantly curled 

MYTH OF THE MAMMOTH 
An ammal hke this was found embedded m 
the frozen mud of a nver m Russia, and steps 
ivere taken to saw it out piecemeal and transport 
It to civilization, but the bank gave way and all 
was lost Another found in 1 799, m the River 
Lena, ivas thaw'ed out of its tomb, the tusks 
sold and the abandoned carcass left to feed 
dogs and tvolves, which it did for a year or 
more Here, luckily, the bones and part of the 
shagg^' hide i\'eie saved for science 

“ Mammoth ” is now' one of oiu most 
convenient synonyms for huge, and many 
people qmte excusably hold that some such 
idea originated the ord Its actual derivation 
IS the Siberian mamantii, meaning a ground 
dw'ellei The Russian peasant, finding the 
dead bodies always embedded in frozen or 
thaiving mud, seriously believed the greatest of 
all elephants to be a kind of mole, burrm\ang in 
soil and penshing ii hen by accident it tunnelled 
up into the davhght 

HIPPOPOTA^^ Y'ORKSHIRE 
The hippopotamus, essentially a feeder on 
lush vegetation, needed m enormous quantities, 
never penetiated farther north than that part 
of Europe ivhere today the Yoikshire moors 
are spread The rhinoceros, hke the elephant 
a browsing beast ivell able to subsist on grass 
and leaves, also pushed nortlwvards, and hke- 
wnse met the cold %\'ith a pelt almost worthy of 
a Yorkshire terrier 

Some modern rhinoceroses, hke those of 
Java, show a very appreciable covering of hair 
The woolly rhinoceros had two enormous horns 
like those of the living white rhinoceros But 
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though so formidable it had a restricted range, 
and by all the signs kept clear of regions 
favoured by an even larger rhinoceros bearing 
one huge horn in the middle of its forehead 
This monster was probably also a shaggy 
ammal, but less hardy than the true woolly 
rhinoceros, and so, refusing to go so far north, 
kept the smaller ammal more or less penned 
IMPASSABLE BARRIERS OF TODAY 

It will be realized by now that a million or 
a few million years pass like so many minutes 
on the great clock of geologic time In all 
earth’s wonderful history, there is nothing 
more arresting than this comparatively swift 
conversion of the mammals, ongmally sprung 
from undoubted tropical ancestry, to con- 
ditions that repeatedly decimated the terrestrial 
ammals of remote times Seas, deserts and 
mountain ranges now raise impassable barriers 
between the animals of the great land masses, 
and as we find each characteristic fauna today 
so it IS likely to remain until widespread sinking 
or upnsing of the land once more effects a 
redistnbution 

Within the Arctic Circle conditions are 
relatively umform, and the creatures that 
finally found sanctuary ^v^thln it show corre- 
sponding umformity The polar bear, the 
beaver, wolvenne, elk and many more mam- 
mals of the frozen north are identical in both 
hemispheres Each recurring ^vlnter sees a 
repetition of the mass migrations which each 
glacial period invoked, but on a smaller scale, 
and with the inherited knowledge that spnng 
will permit a return to more northerly regions 
to which the ammals have groivn accustomed 

HOW BIRD MIGRATION BEGAN 

The annual “ miracle ” of bird migration no 
doubt had its first incentives in the recurrent 
cold penods of the Pleistocene epoch, and what 
were then perhaps the adventures of a few 
species driven to desperation, have now become 
habitual to an increased number of species 
Africa, and particularly its great plains, present 
the nearest living pictuie we can hope to see 
of what must have been the world’s general 
conditions, so far as its land fauna was con- 
cerned, during the earlier interglacial periods 

This chapter set out to sketch the broad 
movements of mammalian life during kalei- 
doscopic changes of alternating heat, cold, 
aridity and drought For millions of years the 
mammals dominated the habitable globe, and 
they are the most progressive animals alive 


today, whether on land or sea Once a 
mammal attains a certain size it has little to fear 
from fish, reptile or bird This is true, though 
admittedly a broad gencrahtv OnK an 
elephant perhaps can afford to ignore a 
poisonous snake, and no mammal is safe fiom 
such fish as the swarming carib of the Amazon, 
but these are exceptions which according to the 
proverb are supposed to prove the rule 

In the w'ai of wits into w'hich the Age of 
Mammals early resolved itself, one of the least 
armed of all presently took control It is 
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DISAPPEARING VEGETARIAN 
Dm mg the Miocene and Pliocene pei lods i hmoceroses 
warned boih lieinispheies, but now Ine onl} m Africa 
and Asia 

estimated — and the loughest estimate only is 
possible — that approximately one hundred mil- 
lion years separate the first primitive mammak 
from the first simian stocl , and that at least 
ten million years passed ere that stock ^nelded 
anything resembling a human being 

Man’s records in the rocks are far less 
satisfactory than those of the horse, elephant 
or camel The remains of e\en our more 
recent forerunners are disappointingly scanty 
In rocks dating from shortly before the milhon 
or so years tve call the Pleistocene period, are 
remains of man-like apes similai to those Imng 
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in Africa and Asia, but coming from Europe 
Monkey remains are kno\vn fiom strata at 
least twenty million years earliei 

The lemurs — representing a stage louver than 
the true monkeys — go back earhei still Today 
all the lemurs are quartered, ^\^th few excep- 
tions, in Madagascar, where a species fully 
man-size lived until a few centuries ago 
Lemurs, like the little tarsius of Borneo, 
ho^wever, enjoyed a very ■wide range, and many 
authorities believe that the human race came 
into being fiom tarsius stock 
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WHITE BEAR OF THE ARCTIC 
The polai beat 's feet at e fitted with bi istles so that 
It may walk with safety on the ice 

Man IS unfortunately one of the rarest fossil 
animals, and this perhaps may be his o^vn fault 
The funeral pyre was a very early institution of 
our species, ^vhlch may account for the bones 
of early man being much less abundant than 
the mural decorations and innumerable imple- 
ments he left behind him But though the 
concrete facts of our origin, reliably set forth, 
are immeasurably outnumbered by theories 
and surmises, it does not follow that they never 
■will be known The last fe^w decades have seen 
great advances in this direction, and a mass 
of evidence has been collected since the 
remains of an “ ape-man ” were discovered at 
Trend, in Java, m 1892 

If Asia, that gave birth to so many mammals, 
was also the cradle of our race, then the inmates 
of that vast nursery migrated ^vestwards and, 
like all other mammalian stock, progressed by 
radiative adaptation The more intelligent 
probably killed off the lesser, and the strong 


anmhilated the weak a simple policy which 
may have inspired human conduct for many 
centuries 

It IS not pleasant to regard battle, murder 
and sudden death as characteristic traits of 
human mentality m the early history of the 
race Some authorities hold that primitive 
man \s^as not pugnacious towards members of 
his own species But it must be remembered 
that in the far-off days with ^vhlch we are 
dealing, morality as we understand it must 
have been m the earliest stage of development 
Idealism had yet to make its t^vlhght gleam 
on the mind Early man, like an invading 
army, was doubtless governed by his stomach 

MAN’S EARLY HISTORY 

Here the end of our journey brings us to 
ground obviously offering much scope for 
gibes from the cynical but not from the thought- 
ful Amid a babel of piophecies, the ordinary 
man goes his ■way, not greatly concerned 
whether humanity is destined for an inter- 
national Utopia, or universal chaos At least 
“ It can’t happen in my time ” he consoles 
himself Perhaps the present chapter in the 
history of the human race may close as hinted 
in a ^\^se and sober paragraph by Dr Fredenc 
A Lucas, Director of the American Museum 
of Natural History 

“ There is good reason to believe that we of 
the northern hemisphere may be living m the 
midst of an interglacial epoch, and if this be 
so, that even no^w slowly but relentlessly the 
hosts of the ice king are being marshalled to 
dispossess man of his fair heritage m the north 

JOURNEY’S END 

“ Gradually is being assembled the army 
that \vill sweep man before it even as it did the 
mammoth and mastodon m past ages advanc- 
ing a few feet this year, retreating a foot or two 
next season, but never losing all the ground it 
has gamed, the great ice sheet is slowly shaping 
out of mist and snow the vast fighting machine 
that will drive man from the populous cities of 
the north And who shall say that one hundred 
thousand years from now, ^vhen the great earth 
pendulum has swung the other ■way, some race 
of supermen, ■working northwards as the climate 
changes, may not be uivestigatmg and 

reconstructing the habits of the poor, unintel- 
ligent inhabitants of what was once New 
York ” The name of the city is immaterial 
The above might apply to any centre of 
civilization 




MOST PRIMITIVE AQUATIC MAMMAL 

The AiisUahan duckmole, oi duck-billed platypus, is one of the most curious animals alne It la\s eggs like 
a reptile, suckles its young mammal-wise, burrows like a rodent and has a duck's bill and webbed teit 


EVOLUTION AS THE CLOCK TICKS 


O NE may safely say that the broad 
principles of evolution as already 
touched upon are very generally 
accepted No educated person today 
regards plants and animals as having simply 
“ happened ” It is realized that they are all 
part of a vast upwaid and forward movement, 
incidents in a world programme of continuous 
change, covering hundreds of millions of years 
It IS the failure to accept or realize the 
immense periods of time marking the steps in 
evolution that largely militates against its 
general appreciation The average man or 
woman simply cannot be brought to “ think 
in millions ” This is not surprising when we 
reflect that the momentous happenings of a 
single human life are compressed within the 
compass of some three score years or less 
How animal forms may change can be the 
better visualized if we confine ourselves to those 
creatures which man has taken under his 
charge during the last fifty centuries or so 
Nothing that man touches remains unchanged 
for long His restless energies, no matter on 
what they may be concentrated, make automat- 
ically for speeding-up Often the impetus he 
gives to things astomshes himself Take, for 
example, the animal with which man has been 
chiefly concerned — man 
The modern European, Chinaman and 
North American Indian present sufficiently 
obvious diffeiences m their make-up, but these 
and all other races of mankind have enough in 


common to justify their being scientifically 
included in a single species. Homo sapiens 
Occidental and Oriental alike have a pcifcctly 
upright carriage, straight legs and a convex 
cranium These features alone maik them off 
in strong contrast to the Neanderthal man of a 
million years ago 

The being whose remains were discovered in 
the valley of Neandei thal, Rhenish Prussia, to 
which place he is believed to have migiatcd 
from Syria, was unquestionably a man He 
made tools and weapons, hunted, and loasted 
his food over a fire But anatomically he 
presented featui es seen m none of the men i\ ho 
followed He inclined to be below the medium 
modern height, had broad round shouldei s and 
crooked legs His nose was “ squashed,” liis 
cheek bones were prominent and his chin 
receded Above all, his cranium was flattened, 
far more so than that of the most primitive 
living bushman By present standards he 
would certainly pass foi human, but only just 

Mr H G Wells has painted some lather 
startling pictures of the human race as it may 
be half a million or a feiv million years from 
now In The Tune Machine he portrayed 
the human race as having evolved upon ti\o 
such divergent lines that the i\orld knew only 
a subterranean breed of sub-human toilers, and 
a scarcely more attractive, though visuallv 
charming, decadent anstocracj' Other peeps 
into the future have shotsm us a human race 
freed from most bodily ills, through ha\nng 
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dispensed A\ath much of its internal economy — 
appendices and other matters — and living 
largely on concentrated essences “ enjoyed ” 
\ia the medium of a hypodeimic sj'nnge 

Another \aeiv has shoi\ n a i ace m ivhich the 
gi ownng tendency to specialize has been cai ried 
to extremes, gi\nng us a %voi Id of giant soldiers, 
four-handed sadors, chemists wth huge noses, 
load workers \\'ith arms like those of a goiilla, 
messengers and jockeys little largei than 
divarfs, and so on, till the imnd leels None of 
these glimpses of our future has yet been 
realized Yet the fact remains that man has 



BRITISH MUSELM (N\TLR.\L HIST0K\) 

ONLY JUST HUMAN 

A skull of this type i\as first found in the Neandeithal 
Valley, Piussia Its ownei made weapons and 
wasted food No living lace is so priniitne 

undeigone some \usible changes within the last 
few cen tunes 

Man IS bigger than he ivas The aveiage 
individual finds it difficult to squeeze into some 
of the earhei smts of armoui The man of 
tomorroiv ivill be even biggei Thanks to the 
recent care given to pioblems of nutiition and 
physical educaUon, the present generaUon of 
children shoira a maiked increase m size and 
iveight over those of the last 

“ The average boy of fourteen,” reported the 
School Medical Officer for Sheffield m 1937, 
“sho-ws an mciease ovei his forerunners of 
three and a quarter inches m height and mne- 
teen and a half pounds m iveight Girls of 
fourteen show, on an average, an increase of 


tw'o and a half inches and fourteen and a 
quaitei pounds ” This is consistent with the 
geneial trend of evolution Almost every 
branch of the ammal kingdom has had its 
hey-day, has risen to a sumrmt, and developed 
to its fullest capacity 

It would be hazardous to say that man has 
necessanly become more intelligent during the 
last few hundred years The ^\ orld still aivaits 
another Shakespeare But the brain case tends 
pel haps to mciease, there w'ould be some 
difficulty in finding a “ fit ” amongst early 
helmets 

OUR DEGENERATE LITTLE TOES 

Oui quite unnatuial clothing and varied 
artificial diet are ivoikmg other changes m our 
make-up There is an increased tendency to 
bodilv haiilessness and amongst males, at 
least, to baldheadedness Dental ailments are 
mci easing, and there is a tendency for our back 
teeth to be crow ded out future man may have 
less than the accepted complement of thirt^^- 
tivo teetli Footweai is malang its imprint on 
our toes The little toe is fast lapsing into a 
state of degeneiacy, and a feiv imllion years — 
much less perhaps — may see man a four-toed 
animal 

Yet man witli all his clamouring for \ariety 
IS a conseivative ammal He persists moreover 
in directing his own affaii's, and anytlung like 
scientific bleeding of human beings on lines 
laid dois n by accepted authorities is still, 
fortunately or otliei w ise, a long ay off I\ffiere 
domestic ammals are concei ned, w e see evolu- 
tion being speeded-up at an astomshmg pace 
The strange fimts of modem “ artificial 
selection ” are instances of evolution — wathm 
tlie htei al meaning of the ord 

DOGS OF RECENT BREED 

In no creature is this more apparent than the 
dog, pel haps the most malleable of all 
mammals Some of our accepted bieeds are 
of great antiqmty', but many are of qmte recent 
giow-th Prior to tlie founding of the Kennel 
Club in 1873, dog owners generally weie 
content i\ath a feis “ serviceable ’ breeds, for 
guard or hunting purposes "Wfiien the first 
dog show IS as held at Newcastle m 1856, only 
about a dozen bieeds weie recognized Today 
neailym hundred separate breeds are “benched” 
at all impoi tant show’s 

This serm-saentific cult of tlie dog has rung' 
incredible changes on the camne form as 
generally accepted The fancv has fixed on 
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VARIETIES OF DOMESTIC FOWL 

Artificial selection in the bt ceding of poult ly has pioduced some extraordinary lesiilts Cci tain features ha\e 
been developed to fantastic exti ernes, as can be seen in the tad of the Yoke iama fowl and the leg-feathers of the 

Cochin-China 


certain features in a breed, and often developed 
them in the face of all accepted standards of 
art and even humanity The Kerry Blue, 
Griffon, Yorkshire terrier and otheis can 
scarcely see through their lavish suits of hair, 
the show-bench gieyhound is useless in the 
field, the bulldog can scarcely breathe and its 
disproportioned head renders its birth a' most a 
death ^varrant to its dam Of late years there 
has been a certain revolt against the production 
of monsters, and there is an increasing tendency 
to award pnzes for general intelligence 

CHANGES IN CATTLE 

Domestic cattle have also undeigone surpris- 
ing changes in a short time When the famous 
Srmthfield Club, the world’s oldest cattle- 
breeding society, was founded in 1798, a pnze 
ox weighing some four hundredweight would 
stand ovei five feet six inches at the shoulder, 
and would be a mountain of fat Four years 
were required to attain this standard of 
“ perfection ” Now a champion steer 
still iveigh four hundrediveight, but be only 


two years old, stand not much more than four 
feet high, and be a compact mass of nulrito 
beef, in other vords flesh from head to tail 
The world of the poultry' and pigeon fancier 
runs the canine cosmos close in extravagant 
and unieasoning excess As regaids pigeons 
man the creator has pioduced the fantail 
unable to ivalk properly, the tumbler, incap- 
able of straight flight, the tottering poutci, 
nun and jacobin, and the dragoons and 
tiumpeters, birds \vhose bills bear a mass of 
tumorous fungus flesh outweighing the head 
itself Other breeds again have such heasilv 
feathered legs that specially constructed cages 
must be proiided for their accommodation 

ALWAYS STARING UPWARD 
Poultry'’ has similarly been at times 
“ improved ’ ivath little regard for utihtv or 
the birds comfort The limit in grotesqueness 
IS 1 cached by the Japanese game fowl, or 
Yokohama The tail coierts of a prize cock 
may measuie beWeen twent\ and thiru feet 
in length Such a bird lives its life perched at 
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tlie top of a c^llndllcal cage, and is exeicised 
daily on a peifectlv clean floor, Avatli a train 
bearei in attendance 

A cieatuie, it may be noticed, suffei's in 
exact piopoition to its lesponsiveness to the 
evolutionist s dictates One flnal example 
may be quoted — the goldfish Foi many 
centuries past China, land of its origin, has 
been “ ringing the changes ’ inth wondeiful 
results Thus \\e have the veil tail, floating m 
a gossamei cloud of its own fins, some of which 
are duplicated The tumbler suffeis fiom 



WIDE WORLD 

VEIL-TAILED GOLDFISH 
Ingenious breeders ha\e been experimenting on the 
goldfish for many hundreds of yeais in China, then 
oiiginal home 

spinal cmw^atme and lolls head o\er heels in 
the com'se of its progiess Tlie telescope-eyed 
fish suggests a piscine snail, and the star-gazei 
stares fiom biith to death at the surface above 
The egg-fish has been shorn of most of its fins, 
and tlie hon-iead suggests peimanent mumps 
Many of these aboitions are the diiect lesults 
of dehbeiateh perpetuating defoimities caused 
in tlie first place by bieedmg under the worst 
possible conditions A staggeimg example of 
oriental ingenuity is seen in the Japanese 
is'altzmg mouse By bieedmg in the first 
place fiom mice suffering from ceiebral disease 
there has come to pass a stiain -which now 
punctuates all its doings by plunging at a 
moment’s notice into a fienzied dance In the 
midst of play, feeding, or even sleep the urge 
to waltz may come upon the ammal, and it 
re\olves nose to tail ^\■lth fast accumulating 
speed, until it hteiallv becomes an ammated 
wheel 


For reasons not yet fully understood, 
animals \aiy much in their responsiveness to 
“ accelerated evolution ’ The slim race-horse 
and the massiv^e slnie oi percheion, is'hilst 
sufficiently unlike the ancestral tv pe, still living 
in Mongolia, are recognizable as cieatures 
ev^olv'^ed from some common stock The same 
could scarcely be said of the greyhound and 
the pug In hke manner the guinea pig, rabbit 
and — to instance a domestic bud — the tmkey 
hav'e not gieatlv^ altered, in essentials, fiom 
their wald ancestors 

CONSERVATISM OF THE CAT 
A yet more striking case of conservatism is 
presented b) the domestic cat Hundreds of 
distinct breeds may be listed by^ the “ fancv^,” 
but undei then skins they'- aie all much alike 
Apart from the tail-less Manx, domestic cats, 
despite centuries of “improvement,’ chiefly 
differ only in the quahty and colour of their 
fui 

Artificial selection, it may' be further noted, 
must be the subject of ceaseless care and super- 
vision, or Natuie, asseiting hei-self, will, so to 
speak, reclaim her own The processes will be 
leversed, and the creature throw back to its 
original form 

This was once amusingly' demonstrated 
Many y'ears ago a delegation from Madagascar 
v\as touring Em ope, and amongst the many 
man’els bi ought to its notice was the goldfish 
So delighted was the delegation that it took 
back to Madagascar a large consignment of the 
w ondei fish, and gav'e them the mn of home 
w aters 

ANTMALS THAT RE^T:RT TO TYPE 
The result was disappointing 'Witlun a 
depressinglv short time the goldfish, finding 
little fighting spurt amongst existing native 
fish, ate them up and became loids of all they' 
suiwey ed Moi eover, tlie tendency of ai tificially' 
selected animals to “ thiovs back ” to the 
ancestreil type asserted itself Slowly' tliey 
slipped back to the diab hveiy of the wild 
carp, from which their race had originally 
sprung and the goldfish that were to have 
enhv ened aU Madagascar v\ eie soon notlung but 
a memon' An inipoi tation of additional gold- 
fish, unless on a grand scale, would probably' 
not hav'e checked “ rev ersion ’ in tlie long run 
Up and down the world, on the great land 
masses and innumerable obscure islands, v\e 
meet with pigs, dogs, cats and other animals 
tliat have similarly slipped back to a wild or 
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wiDr woHLn 

FANTASTIC TELESCOPE-EYED FISH OF CHINA 
A stnking example of the goldfish bieedeis' effotts at speeding up evolution Anothei t\pe, appiopiiately 
called the stai-gazei, states fiom biith to death at the sttiface oi the shy abo\c 


semi-wild form This is ever the way of a 
domesticated animal unless man deliberately 
and unceasingly directs it along the special 
lines he desires 

One of the chief stumbling blocks Avhich still 
hinders the general appreciation of evolution 
is the apparent disconnection between the main 
groups of the animal kingdom Up to about 
thirty years ago the public was continually 
crying for “ missing links ” The discovery of 
the Java ape-man and other semi-human 
creatures seems to have somewhat relieved the 
general anxiety It is still, ho\vever, far fiom 
widely realized that every ammal is a link in 
the chain of life, and that between almost all 
the mam groups of living things are to be found 
creatures that serve to join one to the other, 
by merging the characters of both 

MAN’S SPINELESS LINKS 

Take for example, ivhat most tviLl feel to be 
a much-needed link, one beUveen backboned 
creatures like ourselves, dogs, birds, reptiles, 
fish and so on, and spineless cieatures such as 
lobsters, oysters, worms, and the insect hosts 
There are plenty of hnks between these t\v'0 
so tvadely contrasted groups , they are to be found 
all over the \vorld All round the coasts of 
Great Bntam are to be seen the cunous 


soft-bodied creatures kno\vn as sea squirts They 
hang, like gelatinous bladders, from caves and 
harbour piles and encircle shells and seeds 
Readers who have visited the famous cave 
m the Roches Douvres at Jersey, will appreciate 
Victor Hugo’s description of the place \\hen 
he said m Toilets of the Sea, that “ the walls 
were splashed with crimson stains, as if giants 
had been fighting there ” In some restaurants 
in the same island w'liat look like large and 
very unattractive potatoes aie sold as “ violets 
of the rocks ” Both these and the crimson 
stains in the Roches Dou\aes arc sea squirts, 
creatures apparently as far removed Irom 
oui selves as one could ■well imagine 

INTERNAL ORGANS THAT DISAPPEAR 
When It emerges from the egg the sea sqmrt 
IS a minute but ^^ell formed, extremely lively 
tadpole, and save for its small size and that it 
has but one eye, might reasonably be expected 
to develop along lines appro\ ed by the frog It 
has in particular a well defined central nerve 
cord, just like that of a vertebrate Yet after 
a few hours, or at most days, of actn c 
independent hfe, it undergoes an extraordinary 
transformation The suckers on its head, 
features it shares \snth the frog tadpole, it 
attaches firmly to a rock or other anchorage, 
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and so stays poised, tail upivards Then one 
by one its internal organs literally “ fade out,” 
though the creature itself increases steadily in 
bulk 

By tlie time the creature is fully gro-wn — and 
some sea sqmrts reach a foot or so in length — 
it is htde moie than a stomach into %vhich food 
is sivept by minute but ceaselessly lashing hairs 
Edible particles aie carried in through one 
simple aperture, and -waste matter is ivashed 
out through another Indeed the creature hves 
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ANCHORED FOR LIFE 
Within a few days of biith the sea squat changes 
from a tiny tadpole into a large formless mass 

much as do the oyster and pond mussel, and 
hke the former is anchored for life i\athout the 
shghtest capacity for fuither directing its 
destiny 

In the Channel Islands, and on many tropic 
beaches, the fisherman i\hen digging for bait 
often finds a strange i\orm-liLe animal ivhich 
unfortunately has no more homely name than 
Balanoglossus It varies from a feiv inches to 
several yards m length, according to species, 
often advertises its presence by a poiverful odour 
of iodoform, and hke the earthivorm feeds by 
simply passing a non-stop stream of mud 
throughout its entire length, retaining only 
minute edible matter m transit 

Like the sea sqmrt this iveird ammal is an 
important hnk, for its nerve cord not only 
sho-ws close resemblance to that of the 


vertebrates, espeaally in the unborn stages 
of development, but its eggs hatch out into 
lan'Be very hke those of sea urchins Many 
naturahsts mistook them for such untd, by 
keeping the rmnute creatures ahve, they found 
to their astonishment that they turned into 
something very different from the familiar “ sea 

egg” 

The shnmp traivl sometimes brings on deck a 
transpaient ammal about two inches long, 
looking rather hke a laurel leaf made of glass 
This IS the lancelet, ^vhich scientists called “ the 
sheet anchor of the evolutiomst ” before it ivas 
recognized that everything Imng is similarly 
a sheet anchor 

HAIRS AS FOOD GATHERERS 

The lancelet at first develops on hnes very 
hke those of many ivorms, but it ends up not 
unhke those crude “ almost-fish ” the lampreys 
It has the first begmmngs of a spinal column, but 
made of gelatinous stuff, as in the lampreys, and 
it has no true mouth ^vlth jaws and teeth such 
as only veitebrates possess Instead food is 
sivept into Its inside by lashing hairs surround- 
ing a small opening 

Here then are tliree disbnct gioups of beasts 
linking man and the famihar vertebrates ^\’lth 
the “ soft-bodied creatures ’ No doubt many 
more sucli hnks have existed on the earth, but 
for ob\nous reasons there is no tracing them as 
fossil remains 

Let us glance at one oi two more “ hnks ” 
in tlie chain of hfe -wluch have been a source of 
much puzzlement and heated controversy 
amongst naturahsts m the past 

ONCE 0^^'NED THE SE\'EN SEAS 

In the deep firths of Scodand, and on the 
fishing grounds north of the Shedands, the 
trawl often brings up hundreds of i\hat most 
people -would desciibe as “ some sort of shell- 
fish ” But ^\’-hereas a “ two-piece ” shellfish, 
like an oyster or mussel, anchors itself bj one 
shell, or a bunch of threads pushed out from 
bet-ween its tivo shells, die lampshells, as these 
spmious shellfish are called, anchor diemselves 
by means of a cord threaded through a hole m 
one shell only 

Some naturahsts argued that these creatures 
-were moUuscs, hke the snail and oyster, others 
that they ivere akin to the sea-^veed-like moss- 
ammals one can pick up on every beach Today 
they are usually placed m a speaal group, 
midivay betw een the spmy-skinned sea urcluns 
and the shelled ammals or molluscs that have 
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' OMIULI 

ONLY LIVING WILD HORSE 

The Mongolian wild hoise, otheimse known as Ptejvalsky's hoise after the man who intioduced it to science 
in 1879, was once thought to lepresent the ancestoi oj all domesticated breeds, but this now appears unlikely 

now largely usurped their place in the scheme crab, common m shalloiv tropic is’aters on both 
of things But once the lampshells o\vned the sides of the Atlantic It has been likened to a 
seven seas, when the oyster and its km were small boy craivling beneath a zinc bath and 
only in the making traihng a broomstick behind lum 

Most people think they know a worm from a 
centipede, or a lobster, or a butterfly’s cater- GROTKQUE “ LIVING FOSSIL ” 

pillar, but confronted wth the ammal known Although this grotesque living fossil may 
as Penpatus, they might reasonably be afflicted measure a foot across, and tivice as long, it has 
with doubt That indeed was the attitude of eggcupfifl of m^t in it Even 

zoologists for many years after its first discovery y®"""? and its shell relatively soft 

Penpatus is a soft-bodied creature common in ^^^y largest skates and rays appeared until 

many hot countnes It is a few inches long, to have any use for it Now comes 

has a beautiful velvety sheen, and with its enterpnsing syndicate has found 

many pairs of legs ambles along sedately like a ^ \''^y make something of the lung crabs in 

caterpillar When annoyed it shoots out long Delaware Bay and has there almost exter- 

white threads of a milky appearance and minated them by turning them into pig food 

extremely sticky nature fertihzer Nevertheless this species of crab 

seems destined to remind the world for long 
REGARDED AS A GRUB to come of that remote past when life moved 

For a long time this strange ammal was just only in the shallows of the great waters 
a “ grub,” until about sixty years ago a member The hnks enumerated, though vatal in explain- 
of the famous Challenger expedition made a ing the intimate associations between groups of 
study of it Both its internal economy and ammals at first sight very dissimilar, are 

mode of reproduction proved that it was a adrmttedly of little immediate importance to 

link between the higher worms and that legion man Therein lies part of the explanation of 

of jointed ammals represented by the piU bug, their surviv^al They have as yet been of no 

lobster and butterfly economic value, but neither have they offered 

A particularly interesting hnk connecting the any resistance to man’s progress, and so hav e 

great extinct sea scorpions with more recent been left to go their ways in peace Further, 

animals is the so-called king crab, or horseshoe most of these hnks are creatures of small size. 
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JAilE* IIORNELL (MOSDIALE) 


CONSERVATIVE ORGANISMS 
LxitnpsheUs have existed in the same form for 
himdieds of millions of yeais The coid by which 
they anchoi is tin ended thiough one shell only 


' and unobtrusive, furtive habits, foi \vluch 
leasons they escape the notice of the foes to 
I which so many other creatures succumb They 
hide beneath stones, buiroiv in mud, plunge 
doivn into tlie abyss, and otherwise evade the 
attentions of a curious and ever-hungry ivorld 

EVIDENCE FROM THE UNBORN 
Every living ammal is a hnk between the 
next-of-km immediately above and beloiv it 
This IS often more clearly evidenced m the 
living but unborn or unhatched embryo than 
m the fully developed creature Within the 
parent or the egg-shell it hints not merely 
at its great-grandparenthood but its remote 
ancestry, and ivhen ive examine a number of 
embryos of widely different species we find 
that they have much m common, pointing to 
an origin fi-om some generalized stock 

FAMILY LIKENESS 

Broadly speaking, that todsome load fi-om 
ciude beginnings to perfect man, dog or sparroiv, 
IS traversed again ivitlun the ovary Von Baer, 
one of the great embr)'ologists of a century ago, 
confessed that ha\ang preserved a number of 
embryos, but omitbng to label them, he ivas 
later qmte unable to say which is^ere those of 
mammals, birds, reptiles, or fishes, so great 
was the general family hkeness This family 
likeness holds good throughout the ammal 
kingdom The “unborn lives,” that is, the 
embryonic existences, of all vertebrates can be 
traced back to a gdled stage, proving clearly 
that the an -brea tiling creatures dominating 
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LAST REPRESENTATIVE OF AN ANCIENT RACE 
The fantastic king, oi hoiseshoe, ciab, whose ancestors flourished before buds flew, is not a crab at all It is 
moie nearly akin to the scoi pious It has thirteen pairs of limbs and unique book-hke breathing oigans 
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the world today had their beginnings in 
aquatic forms 

E^ en -when at last the human infant sees the 
light. It still bears sufRaent traces of its more 
recent ancestry' !Mr Jones has more in 
common ^^’lth tlie so-called “ monkey man ” 
AS ken born than he has in later hfe Hois ti-uly 
a baby ammal is its own great-great ancestor 
IS apparent in many famihar beasts around us 

BABIES AND THEIR ANCESTORS 

AU dogs, Asntli the exception of extreme 
forms sudi as tlie buUdog, shois a remarkable 
degree of resemblance as hen firet born, tlie 
still bhnd greyhound, dane, poodle and Scottie 
pups giA e httle hint as to the Asadel} diA^ergent 
loads that they astII shordA' take EAen the 
bulldog has a relatiAeh' geneious alloAsance of 
nose at birth, prOAang a camne ancestrA^, hoAs- 
e\’ei deftly ai t maA’^ later force him to suggest a 
toad 

Baby animals are of absoibmg interest in the 
hints the^ giAe of ancestors of Ashich die only 
poi baits aie colourless fossil remains To take 
but one instance, zoologists insist that the lion. 


noAS' a creature of the open plains, AS'as once a 
forest dAseUer, and has taken to its present 
mode of hfe by stark necessity rather than 
choice No cat a oluntarily stalks abroad for all 
to AncAA”^ beneath die midday sun 

FROM FOREST TO PLAIN 
Tlie hon of remote tunes probably lurked m 
deep forests, as die leopaid still does, and A\as 
similaily coloured So also may haA'e been the 
A egetable feeders on a\ Inch it preyed But A\-ith 
the fear of death eA ei behind them, these latter 
sought safety in the open — and the hon folloAS ed 
Spots A\ere of litde use in the nets enAuromnent, 
and so gradually theA' gaA'^e place to that self- 
coloiation tAqiical of the hon today The hon 
still A\ears his spots, hoA\eAer, Ashilst in the 
nurserA" All hon cubs are spotted, and some 
zoo-groA\Ti speamens liaA'^e been scarcely dis- 
tingmshable from leopard cubs, A\hich retain 
their spots throughout life 

Scientific artists such as LiAungstone Bull, 
Charles Kmght, Horsfall and others A\ho 
speaalize in leconstructing creatures of the 
past, usuaU) represent the noAV extinct giant 
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Many fossil birds possess typical reptilian 
teeth The reptilian origin of birds is fairly 
chnched by the half-way bird archeopteryx, 
only tivo skeletons of tvhich are knoivn This 
creature, ivhich hved some one hundred and 
fifty million years ago, blended bird and reptile 
in a remarkable ivay, foi it had a jointed tail 
like a lizard, teeth — ^ivhich no living birds 
possess — ^Ming-fingers md indisputable feathers 

“ ONLY JUST ” MAMMALS 

In like mannei the mammals’ claim to 
reptilian ancestois can be established, and the 
more convincingly perhaps since two mam- 
malian counterparts of aicheopteryx aie still 
to be found hving in Australia The duck- 
mole and the poicupme ant eater are “only 
just” mammals They have haii, is arm — or 
faiily -warm — blood, and suckle their young 
But they also have very leptihan skeletons, very 
reptilian — or bird-hke — brains, and m common 
%vith birds and the majority of reptiles they lay 
eggs 

Fishes can similaily be traced to a common 
ancestry, although the checking up of each 
successive stage in a fish’s past offeis special 
difficulties One cannot folloiv a fish at muII 
m the tvater as one can a bird or beast on land, 
and the comparatively flimsy nature of most 
fish has resulted m their fossil lemains being 
disappointingly scanty and seldom complete 
Yet enough is knoivn to be certain that early 
fish evolved from much moi e pi imitive creatures, 
like ciustaceans perhaps, that they had no true 
mouths but only suctonal discs similar to the 
lampreys, and that they had only gristly skele- 
tons that developed into bone much later m 
the history of the group 

Fish, like dogs, poultiy and other creatures, 
have a marked sameness about them ivhen very 


young Unless such an infant fish can be 
reared to something hke maturity m an 
aquarium, often a hard task, it is impossible 
to identify on sight the parentage of a “ toddler ” 
picked up in the tra%vl or toiv net 

Strange as it may seem, the baby stages of 
the numerous fish that hve m the seas ivhich 
surround Great Britain and Ireland are 
tolerably tvell knoivn, but those of the fresh- 
water fish of the British Isles either await 
discovery or, save for a few species, are at best 
debatable Tracing these early stages consti- 
tutes an important part of the ivork done at the 
Fresh Watei Research Station on Lake Winder- 
mere, the fiist institution of its kind in England 
One often hears the remark that ammals are 
perfectly fitted to their environment, m short 
that all ammals find themselves m the best of 
all possible v'orlds for their purposes 

This IS a lazy way of explaimng tlungs, and 
IS also untrue Animals, like ourselves, find 
themselv'es where they happen to be by reason 
of a variety of causes, and either make the 
best of things oi go undei Environment 
plays an enoraious part in the evolution of 
creatures of every kind 

^^'HEN CONTINENTS JOINED 
A glance at the three maps on p 51 Mill 
shoiv how greatly the contouix of the v^orld’s 
land masses hav^e changed m ninety imlhon 
yeais — quite recently as the earth’s history goes 
The more heavily outlined land masses are the 
more fertile ones, and it 11111 be obnous that 
the peiiod has seen not only great changes in 
the amount of land above watermark, but 
drastic alteiations in climate 

It was ivhilst America and Europe, Asia and 
Australasia ivere linked up by land bridges, 
that the roving heids and flocks gravitated to 



The bodies of catfish aie nevei otdmaiily scaled, being eithei ai mowed wuh bony plates oi else naked They 
lepiesent a gieat adiance on the early fish whose skeletons even were not of bone, but of a giistly niateiial 
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AMONG THE OLDEST DOMESTIC ANIMALS 
The diomedaty, oi Aiabiaii camel, is not known in the wild state, unlike the Dactnan (ti\o-hiinipcd) species 
which IS found wild in Eastern Tmkestan Even aftei inanv centuiies of domestication the diomedan rtniams 

savage and stupid 


what time has proved were to be their final 
homes — or at least their homes to date, for the 
world still changes Thus each of the great 
land masses has its characteiistic animals 

THE FIGHT FOR LIFE 

There came a time ^\hen Nature pulled up 
the draivbridge, so to speak, and there ^vas no 
returning ivhence they came But many of 
these creatures might do extremely well in 
another country, provided it offered a not too 
different climate, sufficient of the right food, 
and no new enemies i\ith •which the trans- 
planted beasts might be unable to cope How 
well some animals may do ivhen ti ansplanted we 
no\v knoiv to our cost The camel has proved 
most useful in Austialia, but the rabbit has 
become a curse, and dogs and pigs introduced 
by man are in many places destroying native 
animals 

Let us leave human agency in dctei mining an 
animal’s en-vironment out of the question foi 
the moment, since it is dealt ^\lth at some 
length m another section On the great 
continents competition m the fight for life was 
keen, and so the animals launched out in a 
variety of directions, each kind giving rise to 
numeious varieties oi species, each adapting 


Itself to whatever terntory it annexed One 
striking example of how a g:\cn “ sliain ” 
developed to its utmost capacity may be cited 
in the marsupials oi pouch-bearing animals 
These cieatures rank amongst the most 
primitive of mammals, next to the icptilc-Iikc 
duckbill and echidna When mammals were 
first coming into then own, the pouch-bcaicrs 
must have been in then he\-dav, and spread 
over much of the aimer parts of the earth 
Now' an animal that must spend its mfanev in a 
pouch IS at a great disad\ antage compared w ith 
cieatuies that arc nursed outside then paicnts 
As this latter t>pe of animal became dominant, 
the lemaining maisupials went undci Fhcir 
small brains could not cope with those of the 
quick-witted milk drinkers who were nursed in 
nests and caxes, and earlv taught to \ ork for 
then own livings 

MAROONED IN AUSTR\L!\ 

\ ei-y soon, that is to sav m the coui-sc of a 
few million x cal's, some of the pouch-beaiers 
weie making a last stand upon the mainland — in 
America Others, seeking refuge far eastward 
weic isolated from their more intelligent 
competitors bv the encroaching sea, and found 
themsehes marooned on what we not' caU 
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BRITISH MUSEUM (NATURAL HISTORT) 


RELATED TO DUCK-BILL PLATYPUS 
The echidna, oi spiny ant eatei, is, like its famous 
comm, a bun owing, egg-laying mammal, but does 
not swim Its home is Amtialasia 

Australia The American marsupials, unable 
to hold their own against the growing tubes of 
bears, racoons and monkeys, dwindled till we 
find them today represented by a few small 
species, leading a hole-and-corner existence, 
the tree-dwelling opossums owe their continued 
existence to their small size and nimbleness m 
escaping foes 

RIOT OF EVOLUTION 

In Australia the small-brained pouch-beaiers 
had things all their own way and, feeble folk 
though they ivere, embarked on a not of 
evolution In the course of ages they evolved 
on so many different lines that they mimicked 
practically all the better known mammalian 
types of the Asiatic mainland 

Kangaroos took the place of the big grass- 
eating camels, deer and oxen, little kangaioo- 
rats imitated the dainty antelopes Other 
species, such as wombats, developed on the 
lines of terrestrial bears, and the moie arboieal 
bears were portrayed m the ti ee-climbing 
koala, the “ teddy bear ” of our nurseries 
There were imitation ivolves and leopards, 
mice and rats, monkeys and ant eatei s, but 
they all had pouches, and pouches they have 
to this day 

POUCHED BEARS AND LIONS 
There were for many thousands of years 
pouched bears and pouched lions, but for 
reasons which still remain unknown they fell 
in the race, and today the herbivorous kangaroos 
are the largest pouch-bearers alive — living only 
so long as we let them 

The so-called “ bears ” and “ hons ” of 
Australia — ^to give them their popular titles — 
often exceeded the largest kangaroos in sheer 
body bulk, though not in span of limb Their 
demise — unless through human agency — is a 


mystery Probably they fell, as did the sabre- 
toothed tiger m England, to the crude weapons 
but nimble wits of early man 

What happens on most islands apphes also 
to the ivatery world Large isolated bodies of 
water, lakes and inland seas have their own 
peculiar fauna The inhabitants of the open 
sea are more generalized Many are cosmo- 
politan, or if restricted to certain areas, differ 
httle from local species some thousands of miles 
distant, provided conditions of life are similar 
Thus many of the crabs found off the coast 
of England are almost identical wth allied 
species in Japan Similarly the denizens of 
the ocean abysses show a remarkable uniformity 
m design 

There is an exti aordinary parallel to the 
pouch-beaieis of Australia in the sand-hoppers 



LARGEST LIVING POUCH-BEARER 
The kangawo, laigest living maisiipial, oi pouch- 
beaiei, is a magnificent jiimpei He lives m 
Australia, continent of maisupials 
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THE ORIGINAL TEDDY-BEAR 

The koala ts found in the south-eastern parts of Australia, where it is popularly knonn as the name bear or the 
native sloth A marsupial, it belongs to the same family as the wombats It is about two feet long and hies 
on a vegetarian diet, mainlv consisting of the leaf-tips of the eucahptiis or gum tree 
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SAND-HOPPERS OR BEACH FLEAS 
Membeis of the amphtpod aider, thev are found in 
evety pait of the wot Id In Lake Baikal thev 
have launched out in widely-dn ergent directions 

of Lake Baikal in Sibena, the deepest isolated 
body of flesh i\ater in the iTOrld The sand- 
hopper, oi beach flea, that gets into English 
luncheon baskets and sivarms beneath the diift 
weed left by the tide is much the same kind 
of creature the ivorld over, save m the Siberian 
lake There it has launched out in scores of 
wadely-divergent directions, and nngs e\ ery 
change on sea life, from the glassy, free- 
s-nimming jelly-fish, to the lumbering ciabs and 
lobsters far below 

SEX THE DRIVING FORCE 
In another section of this book it has been 
shown hoiv all living forms are the result of 
cellular multiplication, the piling of cell upon 
cell, and the gradual modification of those 
cells into groups, each performing some 
special action — ^feeding, ivarmng off enenues, 
reproduction and so on 

It IS qmte possible for certain plants and 
animals to multiply 'without the aid of another 
indiMdual But such production is like that 
of a connct condemned to perform the same 


mechanical tasks year m year out — it leads 
noi\ here The bulk of hwng forms depend foi 
their multiphcity upon sex 

Sex IS the dnving foice the internal com- 
bustion engine of the i\orld !Mr Aldous 
Huxley m his Brace ffew World paints an interest- 
ing pictme of synthetic humans, creatuies 
grown m test tubes accordmg to patterns laid 
down by the State One can only wonder 
hoiv long such a State would continue It is 
only the constant pursmt the adventure brought 
about b^ sex that gives vanet) , change, i\athout 
wluch there can be no real progi ess The idea 
of synthetic humamty is not onginal It is 
bon owed from the insects, and if put into 
piactice would probably end in the insects’ 
mcchamcal and unreasomng kind of hfe 

REPRODUCTION \MTHOUT SEX 
In a \ ery large number of the loiver animals 
reproduction is quite independent of sex If 
one takes a little flat worm, such as craisls m 
abundance about the weeds of any pond, and 
cuts It in half, the worm suffers no incon- 
lemence oi pain In a short time the head 
half groi\s a neis' tad, and the tad half a neiv 
head Cut the woim doisn the central hne, 
and each half soon makes up its missing portion, 
and life goes fons'ard as before Cut anynvhere 
without detaching a piece, and the exposed 
surfaces by cellular midtiphcation begin to 
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COMMON EARTHWORM 
The earthwoim will siimve consideiable mutilation 
Thus either the head oi the tad mil grow again if 
seveted cleanly 
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SPONGE IN LIFE AND IN DEATH 

On the nght is a live sponge, on the left one that has been Killed and cleaned This animal is unique in that 
bits cut from it and planted out Hill grow without difficullv 

sprout ne^v individuals, so that a very strange pieces overboard But the starfish came back 
monster ■with several heads and tails presents It came back U\ice over, for each halfrcnesscd 
itself Itself, and tlie oysters paid the price of the 

Some of the more pnrmtive worms multiply farmer s ignorance Toda^ starfish arc taken 
by hterally bisecting themselves There comes ashore and used as a fertilizer 
a time when the ivorm appears to be trying Of late years it has been found possible to 
to ivalk two ivays at once It breaks in the fertilize artificially — i e , fertilize at second hand 

centre, and each half becomes a complete — salmon eggs, cods’ eggs, and even dogs and 

worm adventuring on its oivn horses, but so far the only creature Inch com- 

The same sort of thing can be seen happemng merce has made to increase by mutilation is 

m certain sea anemones, or in the only fresh- the bath sponge You can plant out clippings 
ivater anemone found in Great Bntain — the of the sponge — w hich is undoubtedly' an animal 
hydra This httle creature, hated by fish — and they' mil flourish like chppings of rose, 
breeders and aquansts for the toll it takes of geranium and many other plants 
young fry, simply cannot be destroyed by CANNOT GROW LOST ORGANS 

mutilation Perhaps the mythical monster after The power to regeneiate lost parts seems to 
ivhich It IS named was first conceived by some decrease as i\e ascend in the scale of life 
imaginative man of ancient Greece w'ho One of the marv els of our age is plastic surgery 
observ'ed how many' simple ammals renewed It can turn an old person into the likeness of 
themselves ivhen apparently destroyed a y'oung one — for a short time — help a cnminal 

MULTEPLICATION BY MUITLATION to escape justice by altering his features, or 

An instance of this multiphcation by mutila- con\ert a man whom the instruments of war 
tion occurred on oy'ster beds some years before ha\ e made hideous into the fair semblance of 
the World War The starfish is the bane of the a normal human being But though our 
oyster farmer, for it eats his preaous shell- various tissues have wonderful po\sers of 
fish on the grand scale When therefore the renew'al, ise cannot grots again lost organs 
oyster dredge came up, as it often did, crammed A set ered finger is gone for ever 
w'lth starfish, the disgusted fishermen simply This holds true of all mammals and birds, 
tore the ammals in halves, and flung the and to a large extent of reptiles A hzard can 
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certainly groiv a new tail, but the “ join ” 
always shoivs Injury which just stops short 
at complete severance of the tail results in a 
forked tail, a grotesque attachment of more 
hindrance than help to its oiraer But in the 
amphibians, half-way between reptiles and 
fishes, -whole hmbs can be renewed, though 
here again injury ^\^thout severance may lead 
to a five-limbed ammal, a clumsy, handicapped 
monstrosity Fish renew damaged fins in like 
manner This plasticity of vertebrate flesh 
was often turned to unpleasant account by 
old-time shoi\mien, as when the Zouaves pro- 
duced their “ rhinoceros rats ” by graftmg a 
piece of a rat’s tail on to its rightful owner’s nose 
Regeneration is seen at its best amongst 
invertebrates, even in such complex ones as 



W S BERWDGE (MOSDtALE) 

TO ATTRACT A MATE 


The male fiddlei ciab develops one brightly-coloured 
claw half as big as itself This gi ows again if severed 

the crab If a crab loses its claivs oi legs, the 
stumps aie cast off at special joints, and the 
ammal goes about crippled until tlie time 
comes to change its shell Then it presently 
reappeais ivith a new set of hmbs, though the 
regenerated ones are not normal untd several 
changes of shell have taken place 

REGENERATION IN THE EGG 
This curious habit has been turned to account 
on the coast of Portugal, where theie abounds 
a kind of fiddler crab, the male of ivhich 
grows one cla-w half as big as himself The 
fisherman simply collects this claw for market, 
and the ciab obligingly grows another, though 
of slightly inferior quality 

In some of the lower vertebrates, such as the 
frog, regeneration can take place even in the 
egg It IS possible by nearly or very gradually 
completely severing a frog’s egg to produce 
either “ Siamese twins ” or two complete 
individuals 


Sex appears qmte a long ivay do-wn the 
ammal scale, and becomes more and more 
insistent and essential as we ascend 

A great deal of attention has been paid of 
late years to sex proportions — or ratios — ^m all 
creatures, more particularly man and domestic 
animals Darwan ascertained that the grey- 
hound showed a greater disproportion of the 
sexes than any other animal, one hundred and 
ten males being born to every hundred females 
Roughly, however, in vertebrates at least, the 
proportions tend to be almost equal How far 
tins is controllable only the future can shoiv 

The offspimg of the long-suffering frog have 
here, as elsewhere, suggested possibilities Thus 
if a clump of frog spawn is hatched at a high 
temperature, or in acidulated water, moie 
males than females result, and enforced reten- 
tion of the eggs by the female produces an 
almost femaleless family On the other hand 
frog spawn which is victimized by drought lets 
loose a swarm of female frogs on the 
world 

CASES OF SEX REVERSAL 

Qiute recently one or two very extraordin- 
aiy cases of sex reieisal (aided by surgical 
operation) in human beings have been made 
public One can only ivonder hoiv such 
people faied m medieial times In 1474, the 
councillors of Basle — ^who once tned a soiv for 
murder — accused a cock of i\itchcraft, and had 
the wretched biid burnt m the market-place 
by the public executionei The cock had laid 
an egg Centuries later Professor F A A Crew 
leported a buff-orpmgton hen -which, after 
being a good layer and a good mother, is ound 
up her career by grossung spurs, ciowng, and 
becoming an equally efficient fathei Post- 
mortem revealed disease of the leproductive 
organs 

Loiv down in the scale of life sex leversal 
can be the normal, and vital to the continu- 
ance of the race The Meucan sis'ordtail fish 
IS a populai pet of the home aquarist There 
IS often a maiked outnumbering of males by 
females As though to make up foi this, a 
female after delivering her third family may 
become a male, the anal fin becoming modified 
to form a pairing organ Many molluscs 
habitually change sex, a familiar case being 
that of the oyster As an adolescent it is a 
male, then it changes to female, and for the 
rest of its life lives alternately each succeeding 
year as male or female 



EVOLUTION AS THE CLOCK TICKS 


83 


- , <’. V 4, ' 


*** V 
^ «V/-.v 



■y'v? Vi' ■•- V>,'v ' 

I ^ii*» * iV ' A Ji i ^ ^ ^ s 4-- V 

*> rC* **''**', -» - < ^ 

i ^ * 4 ^ 4 ^ L-^ • ;.. /_ -• " 


* «*V*f*'C '****.-^ 

>« »!*“;. ' 'v ’ 

* 




/, . . , '^. 't. 

* ' ,. • ' . - ' 


HAROtb IJASTIS 


NATURE AS THE SUPREME ARTIST 
One of the gorgonias or sea-fans, beautiful coials which often grow to a width of three feet In the course 
of one summer a sea-fan's offspring will develop to then full size and found new sprays of coial 


Usually, though not invanably, an animal’s 
rate of increase is proportionate inversely to 
Its complexity of mechamsm Many of the 
animalcula are only creatures of a day A 
sponge clipping may swell to big proportions, 
and let loose a flood of eggs upon the waters 
within a few months A plastic coral, such as 
a sea-fan, can lay its eggs, which will develop 
into jelly-flshes, and each jelly-fish settle down 
and found a new spray of coral between spring 
and autumn 

PUZZLES AND PARADOXES 
A large number of insects pass through all 
the gamut of egg, craivlmg grub, dormant 
chrysahs, and pregnant parent in a feiv -weeks 
But as we ascend the scale there is a noticeable 
slowing doivn in the reproductive process, a 
slowing down often in direct proportion to the 
animal’s size The machine stays longer m the 
tvoi kshop 

The more the naturahst studies animals and 
then development, the gi eater becomes his 


caution in laying down hard and fast rules 
Puzzles and paradoxes arise at every turn to 
confound the new-boin theory" Thus amongst 
fishes, the more pnmitive types, such as sharia 
and rays, apparently produce more “ perfect ” 
babies than do most highly-constituted types 
Often the infant is delivered in an almost 
impregnable egg case, or it may be born ali\ c 
The infant sawfish — a blend of shark and ray — 
swims into the ^vorld t\ith saw complete, the 
teeth ^v rapped in a tough covering to prevent 
injury to the parent’s body wall wnen it makes 
Its exit 

AT THE MERCY OF ALL 
Most bony fish spend some time at the mercy 
of all and sundry before they themsehes can 
become a menace They enter life burdened 
wath a yolk sac, and until this is absorbed 
have neither eyes nor appetites for h\e food 
The baby troughs of a trout hatchen present 
a grotesque sight when full of fiy', each infant 
fish skating about the tank floor on a big ball 
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of yolk, like a man tx^nng to crais^l on all fours 
with a cushion lashed to liis chest 

Reptiles can almost ivithout exception make a 
hvmg at somebody else’s expense immediately 
after being hatched Not so the birds Many, 
like the spanoiv and robin, aie helpless for 
weeks after liatclung In contrast the chicks of 
the ostrich aie up and doing as soon as their 
baby clothes aie diied But tins is partly a 
speaal adaptation to their exposed mode of 
life and a natural outcome of having lested 
longer -watliin the egg A sparrow can raise 
three or even fom bioods m a year, an ostiich 
only one 

Amongst the hairy milk-fed animals called 



^\IDE WORLD 

MOTHER AND CHILD 
Unlike most mammals, maisiipials haie no tine 
aftei-buth, so the young come into the woild in a 
^ery helpless condition It is only an inch long 


mammals the advantages of leisurely manu- 
facture are even more obvious In the vast 
majority of mammals the unborn young one 
derives nutriment from its mother via the 
placenta, or after-biith, a spongy disc heavily 
charged -wath blood vessels Thanks to this, 
the infant, however helpless it may appear, 
comes into the Avorld in a very high state of 
development, and given fa\ourable conditions 
soon asserts itself, in innumerable ^vays, as a 
creature far ahead of the average reptile or 
bird 

KANGAROO BABY AN INCH LONG 

At a casual glance the marsupial, as repre- 
sented say by the kangaroo, may seem qmte 
“ up to ” the dog oi ox But if ive could see a 
baby kangaroo born e should soon reahze its 
inferiority to a dog The nature of the 
phenomenon w'as a matter of the vaguest 
speculation until a naturahst at the Sydney 
Zoo actually saw a baby kangaioo make its 
debut It was known that marsupials have no 
true after-birth, but not until the birth of a 
kangaroo as ^\^tnessed did saentists appreaate 
hoiv undeveloped aie these pnmitive mammals 
on their first appearance The infant kangaroo, 
even in the big five-foot-tall “ old man 
boomer ” species, is at firet only an inch long 
In some kinds it is smaller It is qmte bhnd, 
naked, and inth short hind legs 

INSIDE THE POUCH 

The nature of the birth is as folloira The 
mother sits intli her tail stretched out between 
hei forelegs, and on to the tail rolls baby 
Usually the maternal brain is of such poor 
quality that no effort is made to help the infant 
One of two tlungs may happen It may fall 
off the tail and feebly creep aw^ay in the mong 
direction, to be picked up by the first rat or 
crow On the othei hand it may be lucky, and, 
clinging to its mothei’s abdomen, painfully 
struggle on knees and elboi\s up through a 
foiest of hair until it literally stumbles on tlie 
pouch Once inside, it attaclies itself to a 
mpple The tip of the mpple siiells like a 
bulb inside the baby’s mouth, and there the 
infant sta)s attached, so far as %ve knoiv, for 
months perhaps, until sti ong enough to venture 
into the open 

Stdl lower than the maixupials are those 
strange creatures the duckmole and the various 
porcupine ant eatei's of Australasia These are 
mammals, since they have mammae, or teats, 
connected -with milk glands, albeit the teats are 
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MARClsUrLL MA-X\MLL ('ONTHtr) 

SIZE AS A FACTOR OF BIRTH 


The embi)o elephant spends no less than twenty-two months within the paient^ wheteas a litter of lions or 
leopatds can be pwduced in three or four months The cot responding period for man is nine months 


of very crude design The porcupine ant 
eaters lay leathery-shelled eggs, and then nurse 
the young kangaroo-fashion in a pouch The 
duckmole also lays eggs, and when the young 
emerge feeds them not by means of true teats 
but by exuding milk over a considerable portion 
of its abdomen, ■which is porous and oozes the 
fluid food in an irregular and one would imagine 
rather Avasteful manner Mammalian babies 
such as these are scarcely on an equality ivith 
the calf that can stagger to its feet five minutes 
after birth 

MAMMALS IN THE MAKING 
Size would seem to be a factor in determining 
the length of time a mammal spends in the 
making, though it will probably be long before 
we have anything like complete information 
regarding the vanous penods of gestation We 
do not know precisely what peiiod intervenes 
between the kangaroo’s conception and intro- 
duction into the pouch , the gestation periods of 
the echidnas, armadillos, and ant eaters are 
equally enigmatic Neither do we know very 
much of the pre-natal whale 
Of the more familiar beasts the elephant 
heads the list by spending twenty-two months 


within the parent, which is seven months moic 
than the giraffe, whilst ranging from eleven to 
thirteen months arc the zebra, camel, llama, 
rhinoceros and sea hon The dog, like the 
w’olf, IS “ in pup ” only about nine weeks 
Possibly a cold climate slows down gestation, 
foi the polar bear is not far behind the sea hon, 
with eight or mne months, whereas five months 
suffice for the more sheltered brown bear to 
produce its annual twins 

QUICK AND SLOW BREEDERS 

The big cats are, for their size, qmck breeders, 
twelve to sixteen weeks producing a litter of 
leopards, tigers or lions, which is onlv' seven 
weeks longer than the domestic cat Most of 
the monke)s and the big bats need six months, 
the majonty of the man-like apes, as ourselves, 
are about nine months in the making, and so is 
the little red riv'cr hog 

Pigs are nearly related to the elephant, but 
the farmyard sow wath her twace-vearlv litters 
of a dozen piglets is no doubt a tnumph — or 
vnctim — of that speeding-up w Inch has ov ertaken 
most of our domestic animals ild pigs usually 
produce only tliree or four voung at a time 

Most of the rodents are notonouslv^ rapid 
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bleeders The porcupine, one of tlie laigest, 
needs tluree and a half montlis to produce a 
lamilv, a \ers'’ elephant amongst the gnawnng 
mammals Compaie it tnth tlie common lat 
h'lany authorities ha^e estimated its pioduc- 
tiMty and tliough tlieir figures vaiy, all are 
sufficiend) hon lining 

A rat IS sexually matui e long before it is fully 



FROM SEA TO LAND 
The sea hou s gestation period is about tliiee months 
longer than man s It comes ashore to gne birth 


giowTi, and can reproduce its kind i\hen only 
foul months old A pair can produce m tv\elve 
months six htters a\ei aging eight rats each 
Calculate England’s annual lat output starting 
■uith a capital of at least ten milhon couples 
The annual additions to tlie population of mice 
must be equalh impressne Fortunately dis- 
ease and othei influences pre\ ent these ammals 
fi-om annexing the coimti) 

Animals, apart fi om hmitations imposed upon 
tliem by size also legulate their famihes 
largeh according to the aiailable food supph 


An interesting example ol this is offered by the 
common herring A herring just under a foot 
long pi oduces about forty-se\ en thousand eggs, 
as opposed to the six-foot-long hng ivhich, as 
tlie most prohfic of aU animals, launches one 
hundred and sixty milhon young upon the 
\\ orld It \\ ould be logical to expect the Imgs 
to fai outnumbei the herrings in the sea, yet 
the reierse is the case 

MULTITUDES STAR\'E TO DEATH 

Both herring and hng aie highly predacious 
fishes, and to live must from the first find prey 
smaller than themselves For the herring this 
IS an easy matter The upper layers of the 
sea, to i\hich the herring fty’’ make their vay, 
si\arm with rmnute Crustacea, and so the young 
fish prosper from the fii'st The hng, -which 
inhabits lower levels, can find no such abun- 
dance of food, and long before game comes in 
sight, the bulk of the one hundred and sixty 
million have star\'ed to death, oi themselves 
protided meals for larger fishes, or jelly-fishes 
So far as dominating the seas by force of numbers 
IS concerned, neither heiiing noi hng is m the 
long lun better off than the little shoie blenny 
which carefully guards its fe\s hundred eggs 

OYSTERS B1 THE MILLION 

Another example of how the output of 
aramak is letelled up may be ated The 
manne .>\stei ejects fiom one milhon to two 
million ff) , four times as mam as the equally 
abundant fresh irater zebra mussel The o^'ster 
spends most of its life cemented to a rock or 
shell The zebra mussel spends the major part 
of Its existence anchored b\ silken thi eads to a 
lock gate or ivatei mam Both shellfish, how- 
e\ei, commence hfe as fiee-si summing fty’^ or 
lar\ie ^\ hv are not valuable os^ters four tunes 
as abimdant as the isorthless zebra musseP 

The oystei fiv, swimming hither and thithei 
aimlessly bv means of innumerable minute, 
restlessly laslung hail's, soon fall victims to all 
kinds of otliei ammals The mussel fry act 
witli some ciicumspection Each sinks to tlie 
n\ er bed and w a\ es aloft a single strand of silk 
This attaches itself to the fii-st passmg fish 
E\entually the baby mussel itself is tliroisii 
against one side of the fish and attaches itself 
bv means of ti\ o sharp teeth, one on either valve 
of Its shell 

Its presence causes the fish s skm to grotv 
o\ er It and heie the htde mussel abides for some 
time, safeh ensconced in a tough c\’5t It may 
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stay thus for three months, at the end of which mice and %oung birds to feed her first-ljorn 
time the cyst bursts, and the young mussel, now This, m bad weather amid mountain cr-'gs 
much changed m form, sinks to the nver bed may mean a long fast for the bab\ iiur-ard 
and becomes anchored for life Its vulnerable and it sometimes bicaks it b\ eating the nc.\t 
stage has been passed in relative security below Thus it happens that ianulics ofthicc 

Often a family cancels itself out in the course are common with buzzards li\ing on the 
of nature long before outside forces offer it sheltered lowlands, but in Spartan dimes arc 
violence The big spongy masses of egg comparatively infrequent Similar cannibalism 



UIDC \NORLD 


CALLED THE CAMEL OF SOUTH AMERICA 
The llama is a domesticated membei of the gitatiaco family It has been used as a beast of bin den foi main 
centimes in South Ameiica Its peiiod of gestation is about the same as the sea lion's 


capsules laid by the whelk litter every beach 
after a storm Some hundreds of capsules may 
go to each of these round honey-coloured balls, 
and m each capsule is about one hundred eggs 
As soon as the first eggs hatch, the fry set to 
work on their unhatched cradle companions, so 
that at last a mere thimbleful issue, to be 
gobbled up by the nearest fish 

CANNIBALISM IN THE NEST 
This self-massacre of the innocents is not 
confined to invertebrates A parallel is offered 
by that highly constituted, intelligent bird of 
prey, the buzzard Its eggs, like those of most 
birds of prey, are incubated as they are laid, 
one at a time, the first to hatch augmenting 
the mother’s warmth to incubate its little un- 
hatched brothers and sisters It is a pretty 
picture of family co-operation 

But mother must often wander far afield for 


can be seen in any village pond during the 
tadpole season 

The actual size to which any gi\cn kind of 
animal may attain is largely a mattci of 
mechanics The make-up, as much as food 
and environment, sa\s “ tlius far and no 
faithei ” The principle can be demonstiatcd 
with a metal cylinder poised on four legs If 
the legs are too slender they collapse In a 
lifeless dummv the legs can, of com sc, be anv 
giith, but this wall not apply in a Ining 
mechanism 

BRAIN \^’EIGHS SE\T:NTEEN P0UNT)S 

It is generally^ behe\ed that the unwieldv 
proportions of some animals in the past did 
actually work their downfall The clcpiiant 
marks the limit to which legs may attain m 
thickness, and therefore w'cight of body' The 
lumbering ambly'pods, great hippopotamus-lil c 
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GREAT HOUSE-BUILDER 
The giant clam lemains anchored in one spot all its 
life, demoting its energies to building a colossal home 

brutes that hved about sixty milhon years ago, 
piloted tons of body about i\nth a brain of only 
a few ounces in command Even the five-ton 
elephant i\'ith his seventeen-pound brain gets 
mto difficulties at tunes but is seldom hopelessly 


bogged, as the amblypods must frequently 
have been 

Lungs, a bony skeleton and a tough skin are 
amongst the essentials to generous groirth m an 
animal, is'hich is ivhy all the largest creatures are 
mammals Numerous factors have kept doivn 
the other groups Insects breathe through 
small and complex tubes, and the largest 
insects have never exceeded a ^\nng span of 
above nv o feet The Crustacea once reached in 
the giant sea-scorpions a length of mne feet, 
but here the constant necessity of casting the 
shell exhausted energy and so a size hmit w'as 
leached 

Shelled molluscs must use an immense 
amoimt of energy m constantly adding to theu 
cumbrous residences wnth successive layers of 
carbonate of hme The biggest sea-snad has 
a shell two feet long, about half the length and 
not a tenth the weight of a giant clam’s 
residence, but the giant clam remains anchored 



WINGS OF SERVICE ONLY WHEN UNDER WATER 
No wonder the two king penguins on the left are so critical of the cluck, since the latter is of a different 
species, being the offspiing of a black-footed penguin It will soon lose its fluffy coat 
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HOW THE KEELED BREASTBONE IS ESSENTIAL TO FLIGHT 
An end-on view of the bi eastbone of I Man 2 Ostiich 3 Eagle 4 Penguin 5 Bat 6 Pterodactyl 
1 Swift 8 Hummingbird 9 Dodo A man would i eqitii e a bi eastbone pi ojecting four feet to support 

the wing muscles necessary to laise Ins eleven stone 


to the sea bed for life, and so has more energy 
for house building 

With very few exceptions land mammals have 
proved winners m the race for size They are 
beaten only by a few aquatic vertebrates 

GIANTS OF THE SEA 
Inthewater -weight is relatively of no account, 
and so a few groups of mammals, which it is 
believed changed from a terrestrial life to one 
afloat, left the landlubbers far behind, though 
at the expense of their legs 
Not even the much-sung dmosaurus, or 
baluchitherium, the seventeen-foot high extinct 
rhinoceros, could have outweighed the living 
sulphur-bottom whale that sometimes measures 
just one hundred feet from nose to tail flukes 
Its nearest competitors are the forty-foot whale- 
shark and the giant squids of the Atlantic 
deeps, monster molluscs with a body length of 
only ten feet or so, the rest of them bemg just 
snaky tentacles 

Where the conquest of the air is concerned 
still greater himtations are imposed upon the 


Size attainable The osti ich, v cighing perhaps 
200 pounds, has no more power of flight than a 
man The biggest flying bud is the condor with 
a weight of only forty pounds Some of the giant 
flying reptiles had a wing span of twenty-five 
feet, more than Uv ice that of a condor, and it is 
now’ being questioned whether they enjoyed 
anything like the condor’s powers of sustained 
aviation 

IF MAN HAD WINGS 

For a man to be able to fly it has been 
estimated that he w’ould need a breast bone 
reaching to his knees and projecting four feet 
in front of him, m order to support the v\ mg 
muscles necessary’ to raise his ele\ en stone The 
heaviest bird for its size is the penguin The 
king penguin, though standing at most onl) 
three feet high with neck outstretched, iveighs 
fiom forty to sixty pounds Its wings can 
only be put to practical use when it is deep 
under water, where its heai’i bones gi\c it 
stabihty and its vast jacket of fat buo^anev 
The pengmn’s action under water corresponds 
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exactly to the flight of otlier birds in the air 
Looking back ovei the vistas of the geologic 
ages ive see that every one of the great animal 
groups — as also the vegetable gioups — has iisen 
to a zenith and then declined Just as piimitive 
plants — ^mosses and feins — once attained to the 
dignity of trees, so ivith the animals Goial 
buildeis, starfishes and sea-ui chins, insects, 
molluscs, fish — each has foi a time dominated 
the woild’s stage It is true that all these 
gioups can still shoiv giants of a kind There 
are six-foot long sea anemones, stai fishes a yard 
across, ciabs covering eighteen squaie feet of 
ground, and sqmds as big as skiffs, but hke 
other giants these ai e exceptions , they are no 
lonsrer the standaid of their class 

IVith the mammals, noiv the dominant foim 
of animal life a fair size is the standaid lathei 
than the isolated exception It may be objected 
that laige numbei's of the gieat mammals have 
fallen by the ivay Where aie the giant elk of 
Ireland, the sabie- tooth tigei and the great 
cave bear, cieatuies that probably shared the 


world -with man less than a miUion years ago^ 
The ansiver is that they have died out because 
their brains refused to march ivith the times 
The moment the mammals appeared, groivth 
became a matter not only of mechamcs but of 
intelligence To groiv, an ammal had also to 
be a colonist \\hen climates changed and 
food supplies divmdled, the dinosaurs collapsed 
but the mammals pushed on When existing 
food supplies gave out, they roved in all 
diiections looking for more, eating what they 
could en route until they found a land of plenty 
Modern man is not only a member of the 
highest class of mammals, the primates, he is 
the biggest animal in that class He lacks the 
musculature of some man-like apes, but he tends 
to a greater aveiage height than any of them 
The gorilla can certainly throw a bigger chest 
and tip the beam occasionally at more than 
three times the weight of an average man, but 
tiill it alwavs do so^ ^Ve may be a long way 
fiom presenting a race of supermen, but we 
have some hopes of doing so the goiilla none 



SIZES OF SOME OF THE MAMMALS AT BIRTH AND AS ADULTS 
1 Blue 01 sulphur bottom whale 2 Fin whale 3 Speim whale 4 Poi poise 5 Elephant seal 6 Man 
7 Giant kangaroo 8 Broivn lat 9 Rabbit 10 Brown beat 11 Horse 12 Elephant 13 Tiger 

14 Lion Length and height are indicated 







LIVES ON LAND AND IN THE SEA 

The seal lepiesents a mammalian mode of life half-way between that of the whales, which lemain alwa\<: 
m watei, and those mammals that never enter it Its feet are the mam oigans of aquatic propulsion 
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W HAT IS an animal ^ The question sounds 
simple enough, but one has only to 
overhear a group of ordinary people 
discussing a sea anemone to realize that the 
general conceptions of ivhat constitutes an 
animal are fai from clear The dictionary 
does not entirely satisfy the aveiage man’s 
uncertainty It tells us that the word is 
denved from the Latin, amma, breath, and 
that it means “ a living creature possessing 
power of voluntary' motion, as distinguished 
from, and contrasted with plant, on one hand, 
and from man, human being, on the other ’ 
Modern scientists sum up the matter more 
lucidly i\hen they state that an animal is a 
living organism dependent for its maintenance 
upon organic matter Plants, it is true, depend 
very largely upon organic matter, and some- 
times, as in the case of the pitcher plant and 
sundew, even upon living organisms But 
they can also convert the air and sunlight 
directly to their needs in a is ay ishich no 
animal yet discovered can do 

Ever since the days of Ancient Greece, man 
has been persistent in his endeaiour to 
“arrange” the isorld about him, to demon- 
strate the order is'hich exists in appaient chaos 
By the untiring labour of many generations of 
biologists, the plants and ammals of the earth 
have been ranged in groups according to then 
affinities, and to each species a name has been 
given The medium is Inch science has adopted 
for Its nomenclature is a strange blending of 
Greek and Latin is Inch appears to the 


non-scientific mind both cumbioiis and difficult 
but the use of the classical hngingts is a 
necessity if the same nomenclature is to bt 
used and understood by scientists all oici the 
wot Id A multiplication of nomenclatures 
would spell the direst confusion 

Theie are today over half a million recog- 
nized different kinds of animals in existence 
and the list is being added to at the rate of 
over a hundred a vear Many base no 
popular names in anv language, sshilc such 
as have, frequenth possess so manv as to be a 
source of confusion even in the countries of 
their ongin ' In Great Britain alone the com- 
mon stickleback is known b\ o\ci a score of 
local appellations, and other countries in which 
it occurs ha\e been cquall') gencious It is 
not surprising theiefore that science has decreed 
the fish shall be recognized throughout the 
scientific world by one official cognomen, 
Gaslcrosteus aculeatus The first title is known 
as the genenc name — it tells us to \\hat par- 
ticulai genus oi group the fish belongs, sshilst 
the second or specific name is that of the 
species or fanuh This marks the sticklcbacl 
off from all other kinds of similar fishes included 
in the same group 

The whole s\stem of scientific classific-ation 
IS based upon a complex process of working 
from the general to the particular a gathering 
of all creatures into certain broad main groups, 
and then dmding and sub-di\iding upon a 
basis of increasingK minute distinction It 
may be likened to the militan.' arrangement of 
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MINUTE BUT MANY-CELLED 
/S rotifer, or wheel animalcule, feeding from a sea- 
moss spike Minute in size, it is }et man} -celled 


pliyla, and even today one has only to hear 
general comersation to appreaate how ^ague 
are popular conceptions regarding tlie placing 
of such famihar forms as the jell\ -fish, spider, 
and e\ en the sea-hon In any arcus audience 
^ ou are fairh certain to o\ erhear a controvers\ 
as to whethei the sea-hon is an animal 
(mammal), a fish, or a blend of both 

FIRST ANIMALS 

In tlie lo^\est rank of the Legion of the 
Ammals are placed those pnrmtixe aeatures 
called the Protozoa — oi first ammals, and more 
populailv Ammalcitla The) s%\arm in the 
Matem, both fresh and salt, and some e\en 
im ade tlie soil All are nunute, and the 
simplest foims aie little blobs of protoplasm 
mth a central nucleus A topical example, 
the amoeba, teems botli in soil and vater, 
assuming all manner of shapes as it forces its 
wav thiough whate\er medium it happens to 
be in, and assimilating ecLble matter b) 
hterallv “sunounding ’ it 

J^Iore complex forms build elaborate houses 
out of imneial substances suspended m i\ater, 
which later go to form deep deposits on tlie 
sea floor, and eventuallv under compression, 
beds of sohd rock Others agam aie termed 
flagellates or whip bearers since each has a 
minute hair-hke attachment b) which it 
hterally tvhips itself tlirough the ^\ater 

“HAIR \^TnPS” OF THE SPONGES 

In the next group, the sponges (Ponfera), i\e 
see tlus deace of the whip amplified It often 
takes tlie form of dense manes of aolendy 
agitated hairs, ^\ luch form \ er) effiaent organs 
of propulsion The famihar sponges ha\ e their 
intenors filled ^^•lth ‘ hair ^\hlps, forcing 
■nater, and latli it minute food particles, 
through the entire organism 


a fighting force into armies, an ann) into corps, 
divisions, battahons, compames, platoons and 
sections 

It wall greatly facihtate our reaeis of animal 
actiaties if the mam groups of ammals are 
clearly recogmzed All hang ammals are 
diaded into mne great armies, called vanously 
sub-kmgdoms or ph}la — both terms signil)ang 
for ordinary purposes mam groups 

Until fift)' years ago natm-ahsts ere at great 
variance of opimon as to the true positions of 
many ammals belonging to the moie primitive 



HAKOLD BASTTN 

HIGHER THAN THE AMOEBA 
The slipper animalcule, or parmecium, is one of the 
largest of the single-celled animals called Protozoa 
Size one himdredth of an inch 
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HAKOLP lU'iTIS 

VENUS’S FLOWER-BASKET 

The flinty sponge Euplectella, one of the most beautiful of mat me animals, Ines in the mud on the floor of 
the sea, where the enoimoiis piessuie of watei foices it to assume an extiemeh diffuse and ethereal farm 


The second section, Coelenterata, or hollow- 
bodied animals, includes the corals and 
]elly-fish Here we see the first beginnings of a 
stomach, foi the entire animal is little more 
than a bag, into ivhich food is passed by 
special organs — the feeders oi “petals” of 
the anemones, the “ streamers ” of the 
jelly-fish 

The vast army of the ^vorms {Vermes) bnngs 
us to another group presenting an infinite 
variety of forms, built on a cylindrical plan, 
and more complex than the foregoing m that 
there are separate orifices for the assimilation 
of food and the ejectment of ^vaste matter 

MOSS ANIMALS MIMIC CORALS 
The moss animals {Annelids), typified by the 
sea-mat common on the beaches of the east 
coast of England, stand ^ud^vay beU\een the 
worms and the next legion, that of the spmy- 
skmned animals {Echinoderms), the starfishes, 
sea-urchins, etc Although many of the moss 
animals mimic corals m their adult stages, 
their laival or immature foims are often easily 
mistaken for those of some ^vorms The 
precise relationships of these abundant animals 
are still matter foi controversy, and the group 
is here placed m the general scheme only for 
the time being 

SKIN FORTIFIED WITH LIMY MATTER 
Sea-urchins, starfishes and sea-cucumbers, 
though very unlike at first glance, have many 
points m common All are built upon a 
pentagonal plan, and the skin is fortified with 
calcareous matter gathered from the surround- 
ing -water Since only enough of this limy 


housing material is available in salt water, all 
the species aie marine Thev ha\c a most 
complex system of internal canals, which force 
w'ater through innumerable hollow “ tube 



BATCIS) EAS-rt 

ANIMATED FOOD-BAG 
The jelly-fish is a member of the Co’lentcrata phy him 
III nhich ne see the beginnings of a stomach 



COVERED WITH STRANGE APPENDAGES 

Sea-urchin and starfish Upper surface of the latter and also of the former, slws\ mg spines, sheers pincers 
and grapnels imisible to the naked e\e but useful for feeding, cleaning and protection 


feet ’ enabling the animal to progress o\ er 
rocks and otliei diflScult objects 

A sea-urchin is hteralli a starfish ‘ sewn 
upj” that IS ivath all the arms bent o\ei till 
thei touch and cemented togetlier at the edges 
Tills IS shoivTi m the illustration and also how 
the spme^ -skinned animals m addition to dieir 
“ w ater legs ’ are covered with strange append- 
ages — spmesj sheers, pincers and grapnels, 
imnsible to our naked eyes but perpetualh 
bus)' feeding, cleamng or protecting then 
owners 

The curious link group termed lampshells 
or Brachtopods, mentioned in a preiious section 
stands midway betvveen the great army of the 
starfishes and tlie MoUusca The MoUusca 


include such famihar forms as the opter, 
mussel, i\helk snad, octopus and cutde fishes 

The pit) him of die jointed ammals probabh 
foiTtis the greatest of all the se\ era! mam 
gioups, bodi numencalh and as legards 
\anet\' of species It includes die crustaceans 
— water-fleas barnacles crabs, craifish lob- 
steis — spiders, scorpions, imtes centipedes and 
insects The last are recognizable from aU the 
othei's in diat i\ hen the\ ami e at die adult or 
perfect state diei ha\e three pairs of walking 
legs 

AU members of the group are segmented, 
that IS to sav die bod\ is dimded into rings, 
each bearing a pair of appendages Some of 
these mai be reseried for walking purposes 
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OCTOPUS LYING IN WAIT FOR PREY 


Of the MoUiisca group, its cousins include cuttlefish, snails and mussels The circular orifice {sho\ut about 
an inch below the eye) is the teimuiation oj a tube through which water is expelled nith great force, drninq 

the Cl eature along back first 


others modified to form wings, feeling organs 
or a number of complicated mouth parts 
Terrestrial forms breathe by a system of tubes 
through which air is pumped, aquatic species 
respire by means of gills or air tubes 

“THE BRIDGE-THAT-WALKS ” 

Lastly we come to the great army of creatures 
having a central nerve chord The phylum 
Chordata or Vertebrata embraces certain obscure 
“ links ” such as the sea squirt, and more 
importantly the fishes, amphibians — ammals 
such as frogs and newts, that spend part of 
their lives in the water and part on land — 
reptiles, birds and the hair-covered, milk-fed 
creatures termed mammals 

It is this last group ivhich naturally enlists 
our chief interests and sympathies We have 
more felloiv feeling with its various members 
than ivith the invertebrates, or backboneless 
animals, hoivever great their scientific interest 
The outstanding feature of the vertebrate is its 
vertebral column or backbone On this has 
been founded the long senes of adventures in 
land colomzation which has culminated in 
man 

All vertebiates, however unlike m shape and 


habits, are built upon the same general plan, 
which, like the mam theme one hears in a 
musical composition, can be seen running 
through the entire series The study of this 
mam theme and its vanations forms that most 
fascinating of the sciences, comparative 
anatomy, and it can at least be glanced at 
without involving any cumbrous technicalities 
The vertebral column or backbone has been 
very aptly called by Professoi K Gregor^', 
of Columbia Universitv, “ the bndge-that- 
walks ” It IS a suspension bndge built on tlic 
same essential principles employed to span the 
Forth 

BEGINNINGS OF THE BRIDGE 
The animal bndge had its beginnings in the 
pnmitive fishes that first developed paired fins 
Some hvmg fishes offer hints as to ho\s the 
bndge was first brought ashore We sec the 
common angler fish — the “ rock salmon of 
commerce — and the common gurnard crawling 
or shuffling o\ er the aquanum floor b\ means 
of their breast fins Some tropic fish like the 
mud skipper and climbing perch can e\'cn 
shuffle out of the water and on to dr\' land, 
or even struggle up vertical surfaces 
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HAROLD BASTIV 

DEVIL-FISH 

The common cuttlefish js one of the cephalopods, 
regarded as the most ad\anced imertebrate animals 
The} ba\e M ell-ordered brains 

A nximber of fish thus stmiAC long periods 
out of ater, thanks to such de^^ces as accessor) 
breathing organs demed firom speciall) modi- 
fied swam bladders Such first lun^s made 

O 

further progress in the early amphibians, tlie 
fish-reptile creatmes that SArarmed in the 
primeval forests now represented b) our coal 
measures These creatures, often of enormous 
size, are kno\s'n to ha\ e made excursions ashoie, 
but like our modem ne\s'ts and frogs could nev ei 
be independent of the water for long Amphi- 
bians have soft spong)' skins, and partly breathe 
through them 

This porous quahty of the skm has alwa)^ 
been a heavy handicap to amphibians in 
colonizing the land Any excursion far from 
water mvolves the danger of literally drymg 


up In March when the toads are searchmg 
for a pond herein to deposit their eggs, one 
can often find some that have fallen by the 
way Here the sun has caught them and 
mummified them where they died 

PERFECTING OF THE LUNG 

For breatlimg apparatus to w ork on dry land 
it must be kept moist Unless our lungs enjoy 
a certain amount of hunrndity respiration is 
impossible The precise stages bv w hich certain 
amplubians developed hard heat-resisting skins 
and lungs sufifiaently capacious to sustam them 
for penods without other aid are not entirely 
known, but once tins transpired the conquest 
of the land v\as assmed The perfecting of 
the lung and the toughemng of the skm 
literally set the vertebrate upon its feet 

PIONTERS OF MILLIONS OF YEARS AGO 

To the casual observ er a newt and a short- 
le^ed hzard are much alike, but gently prod 
each of them, and the difference is demonstrated 
in striking fashion The newt practicallv rows 
Itself ov'er the ground its human-looking hands 
and well-formed hmbs are httle better than 
oars The lizard raises its bellv clear of the 
ground, and in a moment leaves the newt far 
behind The bridge at last walks 



Barnacles belong to the phylum of jointed animals 
The ancients thought that geese it ere bred from these 
organisms 
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Holding bands Man, gorilla, chimpanzee, orang-utan, gibbon, rhesus monkey , baboon, spider monkey , ii oolh mot I ci , 
lemur, patto, aye aye, shrew, rat, squtrrel, sloth, kangaroo, chameleon, leopard Sucker-pad hands Tarsius lemur 
gecko lizard, tree frog Digging hands Ant eater, armadillo, mole SHtmming hands Duckbill otter, seal Rimrirg 

and \ialking hands Horse, tapir pig, deer, hyena 
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Ctayfishes me among the most highly developed of 
the cnistaceans This species is found along the 
South Afiican coast 

When this was first achieved, about two 
hundred million years ago, the bold pioneers 
presented a certain sameness Those eaily 


terrestrial reptiles rather suggested a child’s 
crude attempts at portraying a quadruped 
The pioneer ivalkmg bridge had a shortish tail 
hung at one end, a rather shapeless head at the 
othei, and was itself slung between two pairs 
of extiemely undistinguished “generalized” 
legs 

FINGERS AND TOES 

But life ashore offered enormous possibilities 
foi exploration, it invited the adventurers to 
not merely waddle but to walk, run, dig, climb 
and fly Astonishing variations were soon 
played upon the simple theme of the jointed 
limb, ivith Its terminal digits — fingers and toes — 
which are really only modifications of the 
fin-1 ays seen in fish 

Every conceivable kind of limb was m course 
of time hung at either end of the bridge, 
according to its ownei ’s needs At a first glance 
theie IS admittedly very little m common 
between the forearm of a man, frog, deer, bear 
or sloth, the wing of the bat or bird, and the 
flipper of the whale But reduce these all to 
the common denominator of dry bones, and 
their essential oneness or homology is at once 
appaient 

VANISHED THUMBS 

The first exponents of the walking bridge had 
five fingeis and five toes These were useful 
enough for just paddling over the ground, but 
their scope was veiy limited In couise of time 
some animals found five toes too many They 
made swift, sustained progression impossible, 
and so some were eliminated, as m the horse, 
deer, and pig 

Where the hind limbs only were used for 
progress, the fore limbs remained normal, as in 
the case of the kangaioo, which letains an 
ordinary hand, but has dispensed with one 



BURROWERS 

These animals are all unrelated, but they ate, nevei theless, all built along the same geiieial lines, because 
they all but row in the same way Basset hound {once used foi budget -hunting), mole, cockchafei giub, mole 

ciicket but ! owing pt awn 
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TEETH USED AS TOOLS 

Diffenng vastly in many tespects, foi their othei habits aie \erv dissiniilat , thisi animals \ct ha\L teeth of 
the same type, since they use them in the same way Elephant, Mali us, bearer, Chinese water deer 


hind toe altogether and is ivell on its way to 
converting two of the remaining toes into one 
Some animals, still keeping their bridge in a 
horizontal plane, took it aloft, and hauled it 
about, upside down, amongst the tree-tops 
Here again wonderful modifications took place 
in the bridge’s supporting columns The oi ang- 
utan turned four of its fingers into hooks, 
causing the fifth or thumb to dwindle from 
disuse In some monkeys and other arboreal 
quadrupeds it vanished altogether The sloths 
have wiped out two, or even three fingers and 
toes, much as the horse and deer have pushed 
some of their digits into the background, not 
by climbing but by persistently hammeiing 
hard earth 

HANDS AND FEET FOR DIGGING 
When the hands and feet w ere used as digging 
instiuments, again theie ivas at once loss and 
gain amongst the digits This is suggested m 
the senes of “ digging ’ tools pictuied It will 
be noticed that whereas the hands are in some 
cases altered past recognition as hands, the 


feet, being mamlv used onh as spades to fling 
aside the earth e.\ca\atcd In tlic foic limbs, 
have undeigone comparatuelv slight di\ crgcnce 
fiom the oiiginal theme 

One of tlie most fasem itiiig features of 
comparatne anatom\ or animal make-up is the 
manner m which totallv diflreicnt animals, b\ 
leading similai wa^so^jhf(, ha\c dc\ eloped the 
same parts of the bod\ in the same fisiiion 
Unlike m all other respects, thc\ still hav'C these 
features in common 

WALKING ON THE CEILING 
No one could mistake the little monkc\-likc 
tarsier of Borneo for the tree frogs of the simc 
region But if onlv the hands and lect of these 
creatures were shown some confusion might be 
excusable Tarsier and frog spend their di\s 
clinging foi life to slippcn,' bamboo stems, and 
like the gecko lizards that sec the world bs 
walking on the ceiling, ha\ c dc\ eloped adhc«n e 
sucker discs whcieb\ to conquer a «katmg 
surface In the matter of flight, w( shall find 
the same principle holding good, i e , the hand 
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made to do the same work in similar -ways by 
totally dissimilar animals 

The hving bridge had its origin in the water 
and -was dragged ashore Some animals 
dragged it back into the iNater It is now 
generally beheved that tlie -whales, and also 
the sea-co-ws and manatees, the largest aquatic 
mammals, are the descendants of land ammals 
■which, either m pursmt of food or to escape 
from foes ashore, put the clock back, so to 
speak, and reverted to the source of their origin, 
the great iwaters 

In these tivo \ ery different groups of mammals 
the hand once more became a fin, but only 
superficially as regards its construction Strip 
off the skin and fat, and below ive find the 
famihar fingers — ^fingers that could no longer 
retain their grip on land Another parallel 
hne of development seen m whales and sea- 
coiN-s IS the loss of the hind limbs ^Vhen 
existent at all they remain only as vestiges 

D^^'INDLED BY DISUSE 

The seal and sea-hon present a “ half-ivay ’ 
state of reversion They have reached the same 
goal, a life spent partlv ashore and partlv afloat, 
but by different roads The seal has made its 
feet the chief organs of propulsion Placing 
them sole to sole, it is aggies them, as does the 
seaman his oar o\ er the boat s stern, and so 
progresses in a lateral plane, like a fish The 
sea-hon sssims isith its fore limbs, steeis isath 


its hind, and is altogether a more handy beast 
The seal’s arms and hands have disandled by 
disuse almost to the point of impotence It uses 
them ashore to scramble over rocks, but is at 
almost as great a disadvantage as a too fat man 
tiering to perform a similar feat wth his hands 
and feet manacled 

One ammal alone successfully tdted its 
bridge on end In the course of a million or 
more }ears man achieved this, partly as a 
lesult of special modifications of his pelvis, but 
chiefly by developing the lumbar curve or small 
of the back, thus enabling him to poise the 
centre of the body over the centre of support 

NECK AND TAIL AS B4LANCERS 
The apparent uprightness of such bipeds as 
birds, or serm-bipeds like kangaroos, merely 
immics the human pose The bird’s long neck 
and the kangaroo’s tad both serve as balancers, 
and the same apphes to those mghtmare 
creatures of the past, the bipedal dinosaurs 
The average bird has a much longer neck than 
meets the eye, as all who have plucked a chicken 
wall hav e realized "Without this the bird vs'ould 
tumble backwaids, and the kangaroo, shorn 
of its tad, would similarly pitch forward on 
to Its nose 

^Ve v\ill now examine in more detad some 
external features common to vertebrates 

“ Tail ” is one of our many loosely used 
words We speak of the lobster’s tad and the 



FOX 


ONE OF THE CRAWLERS 

The gurnard, like the angler fish, crawls along the bottom of the sea by means of breast-fins Some tropical 
species, like the climbing perch and the mud skipper, can crawl on dry land and even up ^eltlcal surfaces 
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BIRDS, REPTILES AND A MAMMAL 

Seen on a lava ledge in Naiboioitg/i Island, Galapagos Aichipelago, fi\e hundred nulcs Mcst of Ecuador in 
the Pacific, fow coinioiants, two gulls, five manne iguanas and a sea-lion The cormorants' mngs arc loo 

neak fin flight 


tail-end of a wasp, but the tail is truly a 
vertebrate phenomenon It is a piece of the 
vertebral column or bridge “ left over,” and 
originally helped to propel the adventurers on 
land ashore The few terminal bones of the 
human spine, spoken of as the os coccyx, are a 
legacy from our remote ancestors the fishes As 
one authority has aptly put it, “ with our 
tails we swam to supremacy ” 

MANY USES OF THE TAIL 

The tail was primarily an oigan of propulsion 
It is still largely the driving force of the twenty 
thousand species of fishes living today, although 
some have learnt to employ it as moie than a 
simple organ of locomotion The thresher shark 
uses It to round-up schools of fish, the conger- 
eel and sea-horse use it as a grapnel or anchor, 
the mud skipper and anabas employ it to 
heave themselves along when making a shore 
evcuision But most aquatic creatures, \vhether 
fishes, crocodiles or otters use their tails to force 
the ^vater aside with a Avagging motion, i e , 
in a horizontal plane 

In all such animals the tail is compiessed to 
form a blade \vith tivo edges, one above and 
one below, the formei sometimes augmented by 
a crest When the tail is compressed to form a 
horizontal blade, it is moved up and down and 
not from side to side, diiving its owner fons'ards 
with a rocking motion 

This sort of tail is much less abundant than 
the wagging kind, but we can see it ^vorklng 
^vith wonderful efficiency in the whales and 


manatees, and to a lesser degiec in the bcixci 
The bcavci also uses its tail uith a latcial md 
slightly screwing motion to scivc the purpose of 
a rudder Umquc amongst tails, it can also 
function as an alarm gun by dealing tlic 
water surface a sounding smack \shcn dangei 
threatens 

When the tail was finally earned upon dr\ 
land a host of other jobs awaited it I he first 
pioneers, the lizards, swmng it just as the\ had 
done in the water, and if an enemy stood in its 
way, so much the svorsc foi the cncm\ \ big 
momtor lizard or a crocodile can knock a man 
off his feet wath a single swing of the tail and 
the African ant-bear w'hen coincrcd can put its 
tail to a like purpose In some extinct bca-ts, 
like the stegosaur and the giant aimadillos that 
once ranged the pampas, the tail bore enormous 
spines that must ha\c spelt destruction to 
anything in their path 

TAIL AS SHOOTLNG STOOL 

In svild Nature the tail \erv frequenth 
literally s\aggcd the dog Having rowed its 
owmer ashore, it gave greater freedom to Ins 
fore limbs by helping him to raise tlicm both 
together from the ground ^Vhen de\ eloped 
on sufficientlv geneious lines, tlic tail makes a 
good shooting stool Man\ lizards past and 
present so use it, and it has sciacd in this 
capacity for the extinct giant ground sloths 
and countless generations of kangaroos In 
the latter it is powerful enough to take the 
ammal’s entire weight 



102 


THE ANIMAL KINGDOM 


When two male kangaioos fight they heave 
themselves aloft upon their tails and meet heel 
to heel, each fencing with one free foot for 
the chance to lay bare his opponent’s interior 
The woolly monkey uses his tail as a stool m 
a different manner Curling the tip into a 
circle, he plants this firmly on the ground, 
and then, making the rest of his tail rigid, 
leans back upon it m a luxurious fashion 
With the great majority of quadiupeds the 
tail serves largely as a fly 'whisk, and sub- 
consciously It IS an eloquent index to the 
owner’s emotions of the moment The 
“ language ” of a dog’s tail needs no elabora- 
tion, neithei does the cat’s nor the cow’s tail 
call for comment When the tail is generously 
haired it may, as m the case of the squirrel 
and the ant eatei, make a handy coverlet at 
bed-time, and the scaly ant eatei s oi pangolins 
use their tails as door stoppers, blocking the 


entrances to their burrows against umvanted 
callers 

Yet another role played by the tail is that 
of a tribal badge, or follow-my-leader sign 
This is usually its last use, the only employ- 
ment that can be found for a tail too short or 
immobile to do more active work The 
labbit’s “ bob ” is an example that will occur 
to all More decorative amplifications of the idea 
are seen in the short dark tails of many deer and 
antelope, neat little appendages set m strikingly 
marked or coloured frames of hoiseshoe design 

When a vertebrate took to life in the trees, 
the overflow from its walking bridge entered 
on another phase of usefulness The strictly 
arboreal vertebrate animals ^vlthout tails can 
be almost counted on the fingers of one hand 
The sloths are tailless, and so also is the 
Austiahan teddy bear or koala, but both aie 
forced to cling tenaciously to any support 



WIDE WORLD 

TREE CLIMBING UPSIDE DOWN 

The two-toed sloth, a native of tiopical Cential Ameiica, always climbs upside down His movements ate 
slow COfTlPdf Cd with those of most mnnt/yw hpnntiv/> itnhfrp Iip hn^ if/i fntl fn nrf ns n hnloilC.et* 
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MEANS OF LOCOMOTION IN THE WATER 
Left two-oai swimmeis, i/swg paddles, boatman bug, swimming ciab,fiog, sea-hate, coimotant, sea-Uon, 
penguin Right one-oai swimmeis, ttsmgiheti tails as piopelleis, dolphin, seal, ci ocodile, fish, ottei (swims 

dog-fashion, aided by tail) 


offering, and both move in slow motion So 
too does the orang-utan It is dangerous to 
hurry a Blondin act tvithout a balancing pole 

LIFE ON THE TREE TOPS 
A balancing pole is indeed a tail’s fiist 
function in tree-top life, and is essential to 
rapid movement The only nimble arboieal 
mammal that dispenses \vith one is the gibbon, 
but it makes up the deficiency by spreading its 
abnormally long arms horizontally All 
arboreal squiirels, monkeys and lizards haee 
long tails, and in a revierv of these t\e meet 
eveiy degiee of development bet\\een the tail 
that IS a balancing pole only and the tail that 
IS much more — a fifth hand 

Only trvo lines of reptiles, the chameleons 
and the snakes, have dev'eloped liand-hke tails, 
but amongst mammals the grapnel tail mani- 
fests itself in such diverse forms as those of the 
vauous South American monkeys and honey 
bear, the Himalayan catbear or binturong, 
the tamandua and little ant eaters, various 
porcupines, and a regiment of opossums 


The honey bear or kinkajou uses its tail 
with even moi e effect than the various monkeys 
who vie Mith it in raiding birds’ nests and wild 
hives The honey bear, dangling head doun- 
wards fiom a branch when committing one of 
Its raids, stages a quick get-away fiom the irate 
owner by simply climbing its own tail, and so 
fading literally into the night One monkey, 
the woolly monkey of Brazil, converts its tail 
into a hammock by hitching the tip over one 
branch, its toes over another, and then, lean- 
ing back against its caudal appendage, swings 
at ease a hundred feet above the ground 

GLANDS TO LUBRICATE PLUMAGE 
The tail in most birds is no more than a 
support for feathers and the oil glands which 
serve to lubiicate the plumage against the 
incursions of damp To such uses has the 
lengthy appendage brought into the world by 
archeopteiq'x, the first bird, been converted 
In many aquatic birds, such as ducks, divers 
and guillemots, the tail is a serviceable rudder, and 
in a few diverse species it even functions as a stool 
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This IS seen well in some penguins, who 
make a tripod of heels and tail, but more 
remarkable is its similar employment by the 
woodpeckers These birds live, as do — ^in 
working hours — steeple-jacks, namely up a 
pole The steeple-jack retains his stance in 
this perilous position by means of a strap 
round his ivaist and a pair of climbing irons 
The woodpecker has the climbing irons — ^its 
toes — ^but no strap To compensate for this 
deficiency it plants its %vedge-shaped parson’s 
nose firmly against the tree trunk, and with 
claws dug well in, leans back upon it, as con- 
fidently as does the earth-bound penguin or 
kangaroo 

An almost exact parallel to this is seen in 
the little arboreal scaly ant eater Mounting 
a slippery palm trunk, it clasps it firmly with 
its hind limbs, and then leans back upon its 
long prickly tail with a tenacity that makes its 
dislodgment extremely difficult 

FIRST BACKBONED LAND ANIMALS 

The body machine attached to the vertebral 
column ^vas led into a variety of adventures 
once it had made its ivay to land But before 
all its latent powers could be developed, certain 
vital changes were needed m its outer covering, 
which stood between it and the vagaries of 
climate 

The first vertebrate land animals were 
reptiles Like their ancestors the fishes, most 
of them were probably covered with scales, 
and like the fishes were cold blooded That is 


to say, their bodily temperature was similar 
to that of the air or water around them A 
rise of atmospheric temperature worked a 
corresponding excess of energy in the body 
machine, a fall m temperature caused its 
mechanism to slow down 

The truth of this can be readily appreaated 
by any one who keeps as pets, frogs, lizards, 
or the familiar goldfish A fall in temperature 
renders all these creatures dull and sluggish, 
and finally comatose A rise in temperature 
just as noticeably stimulates them to healthy 
appetite, and as a corollary, exuberant energy 

FEATHERS AND HAIR 

When, towards the close of the Age of Reptiles, 
a period probably covering several hundreds of 
millions of years, the first mammals appeared, 
there is every reason to suppose they ^vore 
hair The first birds ivore feathers of a kind, 
feathers or hair are essential to maintaining a 
body temperature independent of climatic 
influences 

How a nse in the body temperature first 
came about is not exactly known, but it must 
have been manifested in those small pioneer 
beasts and birds ^vho ^veathered the sudden 
fall in temperature heralding the Ice Age 
which swept into oblivion most of the giant 
reptiles and myriads of smaller species The 
once almost umversally genial climate "which 
bathed our earth gave place to a cold ^vhlch 
slowly crept northivards and southwards from 
the poles , the feiv surviving giant reptiles "w ere 



DORIEN LEIGH 

USES ITS TAIL AS A DOOR 

77/6 pangolin, or scaly ant eatei, makes swe that its sleep will be undistuibed by blocking the entiance to its 
biiirow with Its bite-proof tad Despite its reptilian scales, this West African is a true mammal 
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herded within the equatorial belt, ^vhlle a 
remnant of small and puny reptile forms 
lingered in temperate lands at the mercy of 
the growing band of furred and feathered 
new-comers 

BATHED IN NATURAL BRILLIANTTNE 
Hairs and feathers seldom leave satisfactory 
traces in the records of the rocks, so that their 
first beginnings still lie m the land of surmise 
If, however, we picture scales becoming smaller 
and finer, splitting up perhaps from the edges 
imvards, we can at least form some conception 
of how feathers arose Hairs are built upon a 
different basis, having roots with special glands 
surrounding them for their lubrication, they 
are bathed m a kind of natural brilliantme 
which keeps them supple A bird’s feathers 
are largely lubricated from twin oil reservoirs 
situated near the tail, and the bird has to ladle 
the oil on to the feathers vuth its beak 
We get a hint as to how hair or feathers 
may have arisen in certain fishes There is in 
particular a South American catfish, the male 
of which carries quite an impressive beard 
round its lower jaw The scales of that region 
are so split up that any one might be excused 
for regarding them, at first sight, as genuine hair 
Hair or feathers gave their wearers enormous 



WIDE WORLD 

SECRET OF THE RABBIT’S “BOB” 

Tlie rabbit's tail is too short for service as a tool or a 
blanket, but it has lalue as a sign 


r~i 



ro\ 

TRIBAL BADGE 

Many antelopes and deei have their tails framed in a 
hoiseshoe of white, as a distinguishing mark 

advantages over the reptiles Scales may keep 
out damp and resist coarse vegetation or the 
claws of enemies, but they offer scant resistance 
to cold A mammal or bird “ fluffs up ” its 
fur or feathers automatically, and so creates a 
cold-resistmg layer of air betw^een itself and 
the outer temperature, much as does our 
cellular underclothing 

FEATHERS RESIST COLD 
Human clothes may have become largely an 
expression of vamty, but ^vlth dwellers in cool 
temperate climes at least they are a necessity 
We have lost the poiver to “ fluff up ” what 
little hair we have fVhen ive experience 
“ goose flesh ” we are being reminded that 
nature is vainly endeavouring to raise our hair 
by tightening our skm, but there is scarcely 
any hair to raise 

The bird’s feathers enable it to maintain a 
higher temperature than any mammal, and so 
survive greater cold In this, feathers have 
played their part m the bird’s mastery of the 
air, apart from their obvious conversion into 
propeller blades Except for the spasmodic 
aenal adventures of bats and a few other small 
beasts, the mammals remain earthbound, but 
their hair still adapts itself to a vast number 
of varied requirements 
Hair generally responds very noticeably to 
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changes of temperature Some animals, such of the Alaskan musk ox, and cold ivill not lengthen 
as the sheep, if taken to cold countries grow that of the almost naked water buffalo In 
a thin outer skin and long hair, but if transported steamy Burma is a small tribe of otherwise 
to a hot counti-y reverse these features Veiy normal human beings so grotesquely hairy that 
great cold is needed to lengthen the fur of they suggest enormous sheep dogs walking 
some ammals, ivhich is As^hy grey squiriels erect 

cannot be successfully farmed in England Long hair may generally be looked for m the 

‘ Interesting parallels to the sheep are the polar regions and the tree tops, for ^vhen trees 
elephant and rhinoceros Both these beasts are tall enough those who haunt their summits 
once roamed the noithern latitudes and grew meet with bitter nights This accounts for the 
dense coats of wool Today they are confined appaient inconsistency of the dense coats worn 



^\'rDE 


PROVIDED WITH A GRAPNEL TAIL 

The inaisiipiah known as opossums are found in many parts of Ameiica Then diet includes fiiiit, buds and 
insects, and, because they live mainly in tiees, most species ate piovided with long, naked, prehensile tails 

to warm countries, have grown thick outer by the Brazilian ivoolly monkey, and its mates 
skins, and have scarcely any hair at all For of the jungle, the sloths 

some years m succession pygmy hippopotami Complete hairlessness can be produced by 
belonging to the Zoological Society of London aitificial selection, instances being certain dogs 
have been given a holiday at Whipsnade, which and cats found m China and Alexico 
stands hundreds of feet higher than Regent’s The part hair plays m camouflage, courtship 
Park At the close of the holiday, m early and other matters ivill be glanced at later Here 
autumn, %\hen there is a bite in the an, these we ■will consider the hair itself and its modi- 
beasts return to London ivith such feiv hairs fications It is but a step fiom hair to spines, 
as they possess noticeably increased in length, and m a porcupine or hedgehog, or a tenrec 
though not in numbers shrew, one can see every intermediate stage 

Hair growth is not entirely a matter of between the tivo extremes The porcupine’s 
climate In some instances it is conti oiled by quills stand eiect ivith terrific effect qmte 
heredity No amount ofheat will shorten the hmr automatically when the weaiei’s skin goes 
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goosey in sudden alarm, but certain of these 
hairs can be put to other use besides discourag- 
ing foes In the tail are certain large quills with 
hollow shafts and open ends ivhich, is hen 
vibrated, give out a musical rattle, something 
like that of a rattlesnake Opinion is divided 
on the ongin of th s device, but it may be 
intended as a warmng 

NATURE PROVIDES A NAIL BRUSH 

In South Amenca abounds a guinea-pig-hke 
rodent called the viscacha which excavates deep 
burrows m very adhesive earth After a hard 
night’s ivork the viscacha is in the condition of a 
navvy after some hours trenching in wet weather 
But It soon makes itself spruce by means of its 
hind feet One toe of each foot carries an 
arrangement ofbnstle'i exactly resembling a very 
stiff nail brush, a most effective cleansing 
implement 

Creatures like the porcupine and spiny tenrec 
have a certain amount of hair mixed up with 
their spines, but there are some few creatures in 
which the hair is almost completely confined to 
the underside This seeming topsy-turvydom 
IS accounted for by hair on the upper parts 
being rendered unnecessary owing to the 
extraordinary development of the skin This is 
throivn into hard plates, as in the armadillo, or 
modified to form huge overlapping scales, a 
style of clothing ivhich makes the scaly ant 



FOX 

ALL PUFFED-UP 

This Turkestan owl has been frightened and has gone 
'goose-flesh," with the result that its feathers are 
on end 



C*rT C « R KMfllT (MOVDIALE) 

TAIL AS A LEG 


The woodpeckei and the kangaioo have at least one 
featwe in common, both use their heels and tads in 
the same May to foim a tripod 

eaters or pangolins of Africa and Asia look far 
more like reptiles than mammals 
Nearly all beasts and many birds retain strong 
ridges of hair above the eyes, and numerous 
long hairs round the nose and lips These are 
scientifically known as antennse, more popularly 
as “ whiskers,” and serve as organs of feeling 

HAIR AS WEAPON 

Strangest of all uses perhaps to ivhich hair 
may be converted is the formation of a tool and 
a iveapon by compression 
Nature has gathered together the hair upon 
the rhinoceros’s nose to form the familiar 
“ horn,” a structure sometimes reaching a yard 
long, and equally serviceable for digging roots, 
guiding a refractory infant in the i\ ay it should 
go, or charging an enemy, which appears to 
be Its primary' aiocation True horn, it may 
be mentioned, such as tips our fingers and toes, 
surmounts the cow ’s head, forms the horse’s hoof 
or encases the armadillo is simply an inten- 
sification of the skin, a corn become armour 
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Ho'w hard a substance hairs may form if 
gathered in sufficient numbers and subjected to 
great pressure can be gathered from examining 
one of those “ hair balls ” ^vhlch are sometimes 
found in the digestive systems of horses and 
cattle These calcuh may reach a foot in 
diameter, and can only be cut tlirough vnth a 
sharp saiv They accumulate as tlie result of 
continually hcking the coat 

OF ^^T^S 

"Wffien the first birds and mammals brought 
into being body machines so much more 
complex than those of the reptiles, the latter 
far outnumbered the new-comers, and \\ ere often 
immeasurably their superioi's in size and 
strength Long before the encroaching cold 
came to tlie aid of bird and beast by wiping 
out the giants, the odds were on the smaller 
animals 

It has been suggested that they helped in the 
extinction of the dinosaurs by digging out and 
eating their eggs This is more than likely, for 
the ivhole stoiy of the mammals at least reads 
like the saga of a war of wnts They oive their 
present supremacy to a heightening of all the 
sensibilities, and with them, and as a natural 
corollary, of the intelligence 


The senses overlap, or merge together, and 
cannot ver)'^ well be isolated, touch and hear- 
ing, taste and smell for instance are practically 
interchangeable For example, if we pass a 
heap of burmng refuse, we are not only verj' 
aware of the smell, but often of a noticeable 
“ taste in the moutli ’ Similarly, wffien the 
Guards’ band passes, the drums, that make 
conversation difficult, send a “ thrill ” up our 
coat sleeve or iralking stick The crash of a 
big gun feels like a slap in the face Almost 
certainly one of the first senses to be acqmred 
was that of touch It must have been very 
active m those pnmitive scraps of life, the 
protozoa or animalcula, creatures qmte devoid 
of sight or hearing 

FORFEITED FOR CRTLIZATION 
In tlie course of his development man, and 
especially avilized man, has largely forfeited 
some of the senses is'hich mean so much to the 
lower animals, but almost every pait of his 
system is acutely sensitive to touch, and by it 
he acquires impressions of every kind His 
senses of smell and taste are called chemical 
senses, but they are stiU to a certain degree 
senses of touch Particular organs receive the 
impact of molecules, infirately minute particles 



D’' GRAF ZEDT^\TT2 (mOSDIALE) 

ALMOST BUT NOT ENTIRELY NAKED 


The pigmy hippopotamus has a few haiis, lelics of a distant past Ordinarily these ai e not noticeable but it has 
been observed that specimens kept at VHiipsiiade increased the length of their hairs with the approach of winter 
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PLOUGHING WITH A WATER BUFFALO IN HAWAII 
The amount of hair an animal wears nearly always depends on climatic conditions, and increased output often 
follows migration to colder climes In some cases heredity is the dominant factor, water buffaloes, for instance, 

lemain naked in the coldest climate 


of chemical substances, which come to us from 
the surrounding air, or our food and drink 
Man has no great cause for self-congratulation 
as regards his nose He has adorned or 
mutilated it at the dictates of fashion, but has 
allowed to sink into insignificance the function 
for which it was primarily intended, that of 
smell Tea tasteis and chemists still make some 
effort to preserve and cultivate the faculty, but 
such persons are in the minority The human 
nose IS of small account beside the eye and ear 

SMELL AND TASTE 

To appreciate how intimately smell and 
taste are associated, one has only to securely 
close the nose, shut the eyes and then attempt to 
distinguish betiveen such similar substances as 
beef and mutton, plain cake and bread, or pear 
and parsnip Both senses can function only 
^vhen moisture is present, so that minute 
pai tides of matter may impress themselves on 
the mucous membranes of the nose, or the 
taste buds at the back of the tongue 
There IS no doubt that these senses are 


present in the more primitive ammals, insects, 
molluscs, and so on, but they vary much in 
degree, and often their seat is extremely 
problematic A sense of smell seems sometimes 
to he in an insect’s antennse or feelers, and also 
in the lobster’s “ horns ” Taste in these 
creatures appears to be very crude, anything 
sweet or pungent will appeal to most insects, 
and putrefaction is apparently the lobster’s 
ideal A sea anemone will seize a pebble and 
even swallow it before finally rejecting it 

Even in vertebrates a sense of smell or taste is 
not confined to the nose and tongue Some 
fish can taste by means of the finger-like barbels 
depending from the jaws, some can even smell 
through their breast fins 

experiments ^VITH FISHES 

The appreciation of either flavours or odours 
may be deadened by drought or even extreme 
hunger A bad cold puts our noses out of 
action, and very dry air also dulls its edge 
Experiments wth pollack at Plymouth 
Aquarium showed them to be hvpersensitive 
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r K TWERSER (MOSDIAEE) 

AMERICAN PORCUPINE 


Old-y\orld porcupines ha\e a ceitain amount of 
ban mi\ed up \vi*h then spines, but in American 
\arieties hair sometimes completely coxeis the spines 


to odoui-s ^vhen not particularly hungiy, but 
^\ hen ra\ enous they shoi\ ed complete approval 
ofA\oims soaked in alcohol, paraffin and other 
non-appetizers Isaac 'Walton records a cun- 
ning old anglei -uho enjoyed -wonderful success 
as the result of soaking his bait in oil distilled 
fiom i\y beriies 

In the higher veitebrates, the reptiles, birds 
and mammals theie is ahvays present a tolerably 
well defined organ of smell, and by its size and 
position, as also by the so-called smelhng bulbs 
of the brain, \ve can form a good idea of the 
cieature’s susceptibility to anything m tlie vand 

HOW SMELL IMPRESSIONS ARE RECEHTD 

Lizards and crocodiles piobably smell better 
than snakes, except for the remarkable egg- 
eating snake of South Africa This reptile, 
wath a head no laiger tlian one s finger tip, 
can engulf a hen’s egg, but it wall ratlier staia^e 
than accept an egg ever so slightly stale The 
sense of smell is at a loiv standai d m birds, and 
finds its highest development in the kii\a, just 
as the parrot has tlie most delicately adjusted 
sense of taste, and the smpe and duck that of 
touch 

On the mammahan face the nose sits 



CAN ROLL ITSELF INTO A BALL 

Since his body is coieied with hard plates, the aimadillo can dispense nith the fur coats so many other animals 
find necessary It is the only ci eatiire capable of rolling itself into an unwindable ball Here the carapace 

or outer covering has been remoied to show the skeleton 
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HAROLD BASTIS 

INSECTS’ ORGANS OF SMELL 
Top antennte of the may-bug oi cockchafei 
Middle extended pioboscis and antenna: of the 
oleander hawk-moth Bottom featheied anteniue 
oj the male dnnkei moth In its antennce probably 
lies an insect's sense of smell 

enthroned By its owner’s standards it is often 
the croivning glory, at once a sense organ of 
rare receptivity, a tool and an adornment In 
all mammalian noses there are two parallel 
chambers, each containing a cylindrical bone 
most delicately sculptured so that it suggests 
a sponge or intricate piece of filigree w'ork In 
the ox each of these bones is as big as a man’s 
two fists Over these spongy bones are spread 
the soft membranes upon w'hich smell impres- 
sions aie received and passed to the olfactory 
lobes of the brain — the odour office of the 
animal concerned 

SCENTED FOR MILES 
Every hunter knows the importance of keep- 
ing to w'lndw'ard of his quarry, and many 
authentic tales are told of deer and arctic foxes 
scenting food or foes fiom a distance of several 
miles Today the pig and dog ai e still employed 
to hunt truffles by scent The dog’s memory 
has been aptly likened to “ a card index 
catalogue of smells ” 

The whale, though far from figuring at the 
lowei end of the mammalian scale, makes the 
human nose seem by comparison a magnificent 
organ of smell In a whale oi porpoise the 
nostrils, placed on top of the head, aie just 
convenient outlets for spent breath As organs 
whereby to catch the odours in which the sea 
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W S BERRIDCE F Z S (MONDIALf) 

FASTIDIOUS REPTILE 
Tlje egg-eating snake has a sense of smell so acute 
that It would staive befoie touching stale eggs 

must abound, they have virtually ceased to 
exist 

Man IS the only ammal to augment the natural 
beauties of his nose by adding paint and powder 
or piercing it with rings and quills His next 
of km, the monkeys, appear to be the only 
mammals who value a nose from the decorative 
standpoint, and amongst the monkeys “ nose 
wear ” is nearly always an exclusively male 
prerogative A notable instance is the male 
mandrill’s scarlet muzzle, set off by fluted 
cheeks of vivid azure 

STRETCHING THE ELEPHANT’S NOSE 

The male proboscis monkey of Borneo starts 
life with a snub nose, but ends with a pendulous 
nose that must surely be an embarrassment at 
meal times Almost as grotesque is the snub- 
nosed monkey of Asia, -with a retrousse nasal 
organ pointing to the sky Also unique in their 
way are the glaring white noses common to 
some of the guenon or face-making monkeys of 
Central Africa It has been suggested, if not 
actually proved, that these noses, gleaming like 
traffic lights in the eternal twilight of the ram 
forests, help members of a troupe to keep each 
other in sight, on the principle of the rabbit’s 
white “bob” and the deer’s horse-shoe-marked 
rump 

Every mammalian nose is beautifully attuned 
to its owner’s requirements In Kipling’s 
famous Just-So Story you will remember “ the 
elephant’s child ” has his “ mere smear nose ” 
pulled out to trunk size by a crocodile and a 


python, the one hauling at the tip, the other 
lashed to the elephant’s hind legs and pulling in 
the opposite direction The actual process of 
stretching the elephant’s nose covered more than 
forty million years, and the most interesting 
feature of this wonderful adventure in facial 
adjustment is that the elephant was not alone 
m the endeavour A host of other creatures 
were always striving in the same direction, but 
the elephant won the prize for the world’s 
longest nose, and it appears as though he will 
retain it 

NOSE AS SAFETY DEVICE 
Living pigs and tapirs are competitors m the 
great nose race, and the pigs in particular have 
made good pi ogress Once a crack is found m 
a macadam-paved yard, a wild pig will under- 
take to uproot the ivhole surface This has 
happened in more than one zoo The rhino’s 
highly prehensile upper hp is a hint at the 
trunk’s first beginnings, it almost exactly 
imitates what must have been the appearance 
of the upper hp m the moenthenum, the little 
hog-sized forerunner of the elephant 

In fossil beasts a study of the nasal bones 
permits experts to reconstruct accurately the 
nose that once covered them Thus we know 
that m South America, a million or more years 
ago, something like trunks were developed by 
now vanished elephant monsters, big ungainly 
camels, and that strangest of all South American 
products, the giant sloth 

The modern moose of Canada and Alaska and 
the bizarre Saiga antelope are alone amongst 
living ruminants with trunk-hke noses No 



SPENCER ARNOLD 


NOT MERELY ORNAMENTAL 
The kiwi's nose is the most efficient olfactory oigan 
to be found among buds It is also useful foi 
giubbing out insects 
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doubt these are of some help in grasping foliage, 
but It IS believed the primary intention of the 
downward projected nostrils is to exclude driven 
sand and ice particles from the delicate nasal 
cavity The sea elephant’s inflatable trunk is 
purely for ornament 

One detects strivings in the direction of a 
trunk amongst the various little insectivorous 
mammals, and such a structure must be of very 
practical service to a beast who lives by nosing 
out the unwilling worm and pill bug from its 
earthen retreat The common shrew has a 
very trunk-hke nose, for ever restlessly questing 
for food and tasting the air, just like the trunk of 
an elephant The nose of the South African 
elephant shrew does actually dangle far below 
the chin, in approved Jumbo fashion 

MORE HINDRANCE THAN HELP 

The moles, nearly related to the shrews, also 
develop long noses, the usefulness of which is 
easily understandable The nose of the North 
American star-nosed mole, however, is some- 
thing of an enigma It is surrounded by a 
ring of more than a score of finger-like expan- 
sions that suggest more hindrance than help in 
excavating operations Perhaps they have 
something in common with the extraordinary 
nasal appendages seen in so many bats 

Great Britain’s native species have very 
normal faces, but some tropic kinds suggest the 



__ ^SIDE^^OnLD 

SEA ELEPHANT’S INFLATABLE TRUNK 
T/ie purpose of the inflatable trunk, or proboscis, 
of the sea elephant is entirely ornamental 



FOV 


BANDED ANT EATER 
Tins Austialian maisupial uses his nose foi digging 
into ant lulls The Aniei ican gi eat ant eatei and the 
South Afi lean aardvark are very sinulai 

ferocious masks of South Sea devil-dancers 
The animal world offers no counterparts to 
these amazing fleshy appendages which often 
render the wearer’s face unrecognizable as a 
face at all Owing to the extreme difficulty of 
studying bat ways their use can only be sur- 
mised, and the most plausible suggestion is 
that they serve as crude aenals which pick up 
vibrations or give w-arning of coming events 
hidden to the senses of sight, smell and hearing 

TONGUE NOT AN ORGAN OF TASTE 
As already noticed, the tongue proper is not 
an organ of taste Shut your eyes tightly, put 
out your tongue to its full extent, and get some- 
one to drop a pinch of salt or pepper on the tip 
of it Until you withdraw the tongue and bring 
the titbit in contact i\uth your taste buds, it 
might be anything — dust or flour 
The tongue’s job is to “ handle ” the food, 
to roll It into a bolus and then tip it backivards 
into the gullet Next time sheep’s head figures 
on your menu, look at the back of the tongue 
and you will see it is supported by a frame- 
ivork of quite large and solid bones, arranged 
somewhat in the form of a tuning-fork or a pair 
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MARKII\M (mONDIALE) 

SHREW’S TRUNIC-LIKE NOSE 


The common shrew uses his nose as does the elephant 
his tinnk Both animals aie evei seai clung foi food 

of tongs The prongs or handles are fitted on 
to the back of the skull, the ^vhole embedded 
in powerful muscles that thrust the tongue in 
and out, like a piston 

TONGUE ANCHORED TO BREAST BONE 
This arrangement is quite good enough for 
the general run of vertebrates, but theie are 
some tongues which need to be thrust out so 
far that special kinds of loots are reqmred to 
give them the light impetus The ant eater’s 
long worm-hke tongue has roots anchored 
to Its breast bone 

Woodpeckers and humming birds use the 
tongue either to extract insects from fissures 


in bark and ivood or to pick them daintily 
firom the depths of large tropic bell flowers 
For such work the tongue needs to be pushed 
out ivith great force, and in both these kinds 
of birds the roots of the tongue actually curl 
up over the back of the head and are fixed at 
the base of the bill, just betiveen the eyes 

SPINES AS A STRAINER 

Most mammalian tongues are soft and fleshy, 
but in those of cats the surface is covered ivith 
spikes for rasping aivay scraps of meat, and m 
many fish, and such fish-eating birds as pen- 
guins, the whole tongue is one mass of long 
spines used for preventing the escape ot a 
slippery' and univillmg mouthful, once it is 
seized 

Another wonderful tongue is that of the 
flamingo In this bird the tongue fills the 
ivhole of the capacious beak, and is fringed 
w'lth soft spines The flamingo fills its mouth 
with mud and water, and using the tongue as 
a strainer forces the umvanted material out at 
the sides of the mouth, leaving only such shrimps 
and pond snails as the mud may contain 

In the giraffe and sloth the tongue serves as 
a hand for grasping and tearing off bunches 
of leaves, and in one group of pnmates, the 
lemurs, it even acts as a toothpick Lemurs 
have very fine and complex teeth, ivhich easily 



DR PAUL ^OLFF (mONDIALE) 

LONG-TONGUED AND LONG-LEGGED FLAMINGOS 


Fringed with soft spines and so long that it fills the capacious beak, the fiaimngo's tongue sei ves as a tool 
wheieby to foice unwanted mateiial out of the sides of its mouth, leaving behind snails and the like 
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TONGUES FOR EVERY PURPOSE 

I Tropical bat 2 Double tongue of lemur 3 Snake 4 Okapi, used os leaf-pickei and face-flannel 
5 Woodpecker 6 Lizaid 7 Frog 8 Chameleon 9 Flamingo 10 Gannet 11 Ant eater, roots 

of tongue attached to bieast bone 


collect pips from the animal’s fruit diet or 
become clogged ivith hairs as the lesult of 
much grooming On the underside of the 
tongue IS ivhat virtually serves as anothei 
tongue, smaller and ^vlth the tip frayed out 
to form a rake or comb, -which being thiust 
between the teeth dislodges oddments, and so 
saves the teeth from decay 

WATCH-SPRING TONGUES 
Many invertebrates have tongue-hke organs 
which are tvorked on totally different principles 
from those controlling the tongues of beasts, 
birds and reptiles Moths and butterflies have 
long w'atch-spnng tongues that can be shot 
out much as the “ papei tongues ” or “ ladies’ 
terrifiers ” still popular on occasions of public 
rejoicing Organs of impiessive magnitude, 
they seem quite insignificant beside the wonder- 
ful ribbon tongues used by snails to rasp away 
vegetation or to eat out piecemeal some defence- 
less clam from the seeming security of its 
shell 


The tongue can easily be drawn out from a 
cooked limpet It is a tough horny ribbon 
half as long again as the entire animal A 
low'-powcr microscope rereals it as being set 
with hundreds of teeth arranged in ranks and 
literally marching twehc abreast as the sea 
snail pushes its tongue over some weed-encrusted 
rock 

The common garden snail has one hundred 
and fi^e teeth in each of its one hundred 
and thiity-five rows, making a total of 
fourteen thousand one hundred and seventy- 
five teeth 

0\T:R T^\^EL^T: THOUSAND TEETH 
The common pond snail has over twelve 
thousand teeth In squids and octopuses the 
“ tongue-teeth ” are m the form of a horny 
beak, axactly reproducing that of a parrot, but 
often much larger They form a large part of 
ambergris, the \aluable secretion found in the 
intestine of the sperm is hale, w'hich feeds on 
cuttlefish 
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These examples bv no means exhaust the 
possibilities of a tongue Insect-eating creatures 
such as the chameleon and frog have adhesive 
tongues -which literally act as fly papers The 
chameleon s can be shot forth to a distance 
equalling its OAimei s length, the frog’s \voihed 
^vlth equal velocity reverses the noimal airange- 
ment of a tongue, for its roots are attached to 
the inner side of the loiver hp, -with the tip 
dangling down the amphibian’s neck ^Mien 
a fly IS sighted the w hole conti aption completes 
a half circle, catches the insect, and then tosses 
it into the fiog’s mterioi 

Save m the chameleon, reptile tongues serve 
only one simple pm pose, that of a probe 
The forked tip goes in advance of the owner, 
exploring like the stick of a blind man 

SECRETS OF HEARING 
“ He that hath eais to heai, let him heai,” 
cned the Teachei of old, but science has given 
a t\ade implication to tlie term hearing, and 
•vast numbers of animals hear mthout any ears 
at all The hne of demarcation between sound 
and touch is a fine one Sound, as -we under- 
stand the term, is the reception of certain 
vibrations agitating the atmosphere, and 
hearing is therefore a kind of feeling 


Receptivaty to sound varies enormously, and 
in the appreciation of sounds, as in the apprecia- 
tion of smells, some animals — the dog for 
instance — leave us far behind The minute 
and complex bones of the inner ear pick up 
vnbrations impinging on the drum, such 
apparatus being a vertebrate monopoly But 
It IS far from universal In whales this con- 
trivance is reduced to two big shell-hke bones, 
sometimes each is as large as a man’s tv\ o fists 

SOUNDS MAN CANNOT HEAR 

Carmvoious beasts have the hearing installa- 
tion contained in two big inflated bulbs, and 
It seems likely that such ammals may be sen- 
sitive to sounds entiiely lost upon the keenest 
human ears 

Snakes have no hearing apparatus at all, 
and the tuneless efforts on gourd flute of the 
so-called charmer are just a little piece of 
piofessional bluff The snake really “ dances ” 
by following the rhythmic swagings of its 
charmei’s body In most bony fishes there 
aie placed within the cranium two flattened 
bones, popularly termed ear bones, but as 
much concerned in maintaimng the creature’s 
balance as in responding to vibrations Injury 
to one of these makes the fish swim lop-sided. 



S BERRIDCE FZS (mONDIALE) 

BLOOD-SUCKING VAMPIRE-BAT 


In nothing are certain menibeis of the bat tribe so remaikable as in their nasal appendages Zoologists are 
in doubt concerning the evolution and uses of these organs They may serve as aerials for picking up vibrations 
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NOSES AND EARS IN RICH VARIETY 

1 Bat 2 Gieat ant eatei 3 Kiwi 4 Pekinese spaniel 5 Stai -nosed mole 6 Galago 7 Long- 
eared owl, featlieis turned back to show eai 8 Echidna, haii turned back to show eai 9 Blackbiid, 

showing eai 10 Fiog 11 Lizaid 


and the reader may have noticed that some 
deaf persons have great trouble in maintaining 
then eqmhbnum on a bicycle 
The receptivity of fish to sound waves is 
still the subject of experiments At the Ply- 
mouth Aquarium, for instance, a buzzer was 
installed in a food box within a tank, and 
various fishes soon learnt to rush to the spot 
as soon as the buzzer ivas set m motion One 
young codling, however, having once graspedv 
the sigmficance of buzzer and box, took up 
permanent residence in the latter, presumably 
being determined to lake no chances 

HEARING WITHOUT EARS 
Heanng of a kind can be enjoyed mthout 
anything approximating to an ear as ordinarily 
understood The osiphone ivas a device to 
give relief to the totally deaf, the apparatus 
being placed on the elbow, or even the back 
of the neck and so conveying vibrations to the 
afflicted person During recent years Dr 
Caiman, of the British Museum, ascertained 
that lobsters possessed what he named auditory 


hairs on certain limbs, which connected ivith 
special nerves and so transmitted vibrations in 
the water to the ammal’s brain 

Hearing is most unevenly dispensed amongst 
the insects It is most noticeable, and not 
unnaturally, in species that themselves produce 
sounds Grasshoppers and crickets have 
auditory drums on their thighs or other 
limbs, and the mosquito — principally the male 
— Shears through its antennae 

OUTWITTING THE MOSQUITO 
The male mosquito is always listening for 
the high-pitched buzzing of his lady-love, but 
he IS also attracted by the notes of a violin, 
the human voice, or the whine of a dynamo 
This last susceptibility i\as turned by a clever 
engineer to the mosquito s undoing He rigged 
up an eleetncally charged apparatus the song 
of \\ hich so pleaised mosquitoes that they hurled 
themselves upon it and ivere straight^ ay killed 
In the illustration are shown some typical 
outer ears of mammals, their size and shape 
sufficiently indicative of the i\ carer’s heanng 
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HAROLD BASns 

FLY-PAPER TONGUE 


Frogs have adhesive tongues yihich act as flypapers 
The roots are attached to the side of the lo^er Up 

capaaties Amongst the birds’ ears the owl’s 
easily take pride of place, and it is interesting 
to note ho%\ biid-like is the ear of that leptile- 
bird-beast the poicupine ant eater or echidna 
The “ psychic ” aspects of ammal heaiing rsaU 
be noticed later 

Sight, so \ntal a sense to ourselves and most 
mammals, is heie placed last because it was 
probably tlie last of ihe senses to attain per- 
fection Until ive come to the jointed ammals 
and the mollusca, tiue sight is piactically non- 
existent amongst the im ertebrates ^Voims, 
for instance, although sensitive to light, have 
no kind of seeing apparatus, neither have the 
stai fishes and their allies, the anemones and 
jelly-fish, nor the countless hosts of the ammal- 
cula Insects, ivith their often laige and 
compound eyes, tmning hundreds of facets to 
the ^\olld, probably have fai keenei sight than 
the Crustacea 

T\\'0 ROWS OF EYES 

A crab is conscious onlv of dim shapes 
impinging on its letina, and so ali\a\s assumes 
a fighting pose on the pimciple of safetv first 
when confionted -with almost am object, harm- 
ful or otheniase In molluscs the seeing eye 
\anes greatly Octopods and cuttlefish, for 
example, have enormous hard, cr^’-stalline 
lenses, and from early tunes these have been 


used for ornament or to garmsh idols and 
mumnnes The homely scallop bears on the 
fringes of its mantle tivo roi\ s of gleaming eyes, 
presenting a vondei fully high state of de\elop- 
ment almost akin to mammalian eyes, but we 
must lemembei that the scallop has nothing 
which can be called a brain, and the images it 
receiN es thei efore are comparable to nothing 
in our expeiience 

Not even the ledoubtable Hawk-eye of the 
Mohicans could compete w ith the avei age bird 
in keenness of vision Buds and some reptiles 
such as lizards have a man ellous range-finder in 
the eye, constructed on the pnnciple of a 
camel a’s diaphiagm It is a series of bony 
plates, w orking one upon the other so that the 
apertuie m their centre can be automatically 
increased or deci eased as the exigencies of the 
moment demand 

PYTHON ^^Tm A GLASS EYE 

They reach a high development m the eagle 
and haivk, and their utmost capacity m the 
night hunting owls Such eyes, how e\ er, w ere 
eclipsed by some gigantic lizards in the Age of 
Reptiles These monsters had bony diaphragms 
measuring a foot or more in diameter 

In nocturnal mammals and some reptiles, 
the pupil, ivhich lets in the hght and with it 
the image to the retina, can be contracted to a 
slit ^^hen day demands a mitigating of the 
light In this connection an amusing incident 



ORLD 


WEAPONS OF THE PORCUPINE FISH 
This formidable looking fish puffs itself up when 
attacked, and like its namesake erects its spines 
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occurred at a certain zoo ^vhen a large python, 
losing an eye by accident, was fitted with a 
glass substitute As a result, night found the 
reptile with apparently normal eyes, but by 
day the living eye of course contracted 
Its pupil, the false never budged, and 
so day and night conditions ivere reflected 
simultaneously 

The loss of pigmentation which causes 
albinos often extends to the eyes The blood 
vessels, unprotected by colour from the light, 
give to the eye its peculiar red or pinkish 
appeal ance, such an eye being painfully sensi- 
tive to strong lights A zoo monkey thus 
afflicted was continually shading its eyes with 
one hand until relief was found for it by fitting 
the beast with smoked spectacles 

Thus far we have glanced at a few of the more 
obvious externals in animal make-up, and the 
wonderful changes which Nature has lung upon 
the same organ in various creatures, according 
to their needs We will no-w consider some 
more generalized uses to tvhich almost any part 
of an animal may be put — the age-old matters 
of offence and defence 

WEAPONS IN NATURE’S ARMOURY 

Almost any part of an animal may be con- 
verted into a iveapon Horns and hoofs, teeth 
and claivs are among the more obvious weapons 
in Nature’s armoury, and in tracing their 
development it is interesting to note that, just 
as in the story of human ivarfare, each succeed- 
ing instrument of death brought into being the 
means for its repulsion oi evasion 



DISEASE BEARER 


The mosquito hears sounds through its antenna 
The male heaitng apparatus is extremely well- 
dci eloped 



HAKOLO BASriN 

EAR BONES OF FISH 
Situated within the ctaiiium, these bones are as 
valuable m maintaining balance as foi lieaimg 

Knightly armoui became at last so heav)' as 
to defeat its oivn purpose, and in a study ol the 
geologic past the moralist might find abundant 
material foi a lecture on the futility of arma- 
ments There is little doubt that the hoi ns and 
shields of some of the dinosaurs became at last 
almost too cumbrous to navigate Nature seems 
to have evolved one monstrous device after 
another and scrapped it, ivhen at last it reached 
Its peak Vast horns and tusks fell, one after 
another, before more lightly armed animals 
whose feebler weapons held the field rather by 
then skill m usage than by then oivn 
■weight 

DEER IN CONFLICT 

Even today we see animal w'eapons turned 
against their possessors The deer’s antlers are 
exceedingly tough and springy, and when tw'O 
bucks meet in conflict the horns easily become 
so interlocked that death by starvation or at 
the teeth and claws of ivandering carnivores 
overtakes both champions 

Many of our most modern weapons were 
antiapated bv Nature hundreds of millions of 
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DR GR^F ZEOmiTZ (mONDIALE) 

FATAL LURE OF THE BEAUTIFUL SEA ANEMONE 


Though It shows no signs of knowing it, this fish is about to die Within a few seconds the anemone's 
nettle-capsules will explode and haipoons will shoot out on long white thieads to pieice the victim 


years before mankind appeared The hollow- 
bodied sea anemones, jelly-fish, etc , sting, but 
their stings — croivdmg the delicate tentacles — 
have no analogy to the irritant hairs of nettles 

HOW JELLY-FISH STING 
A high-poiver microscope reveals each sting 
as a barbed dart, ivith sharp flukes, folded 
close to a shaft to which is attached a neatly 
coiled line Contact with a foe touches off the 
whole apparatus by means of a Iran -trigger , 
and the barbed dart, suddenly expanded, 
plunges into living tissue Shaft and line are 
dragged after it, and v^hen hundreds of such 
darts find their \vay into a bather’s blood 
stream, as when he collides Avith a big jelly-fish. 
It is small wonder he later suffers from irritant 
bhsters This fiendish little ^veapon largely 
parallels the gun and harpoon mounted on the 
prow of every whaler 

Some anemones fling out their darts m the 
form of long white threads, each charged wnth 
Its little harpoons and coiled lines Such 
threads will pour out at the sides of the com- 
mon parasitic anemone always found on whelk 
shells tenanted by hermit crabs Threads ol 


another kind form the ^veapons of the big black 
sea cucumber, sometimes found m rock fissures 
at extreme low tide 

Distuib one of tins kind and yards of long 
white threads shoot out from its hinder end, 
suggesting the streamers ive use at jollifications 
But the sea cucumber’s stieameis are elastic 
and adhesive, and a big lobster once involved 
amongst them is rendered impotent, bound 
clai\ , legs and tail past all possibility of move- 
ment It takes an hour or more for the threads 
to lot, and by the time the lobster, if not 
suffocated, regains its fieedom, the antagomst 
has leisuiely craivled to safety 

BEETLES THAT USE GAS 

The throwing of missiles is an art that does 
not leach its highest perfection amongst 
monkeys There aie certain soldier -white ants 
or termites that squiit fluid at a foe, the said 
fluid hardening on contact with the air so that 
a luckless spider thus sprayed is literally 
petrified A tiny lizard of the Californian 
deseits squirts blood fiom the corner of each 
eye, and several mammals beside the skunk 
can eject nauseating fluids 
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IJAROLD BASTIS 


MARINE LODGING-HOUSE WITH MANY TENANTS 
Numeious animals making use of the house left by a whelk Inside is a hermit crab, and on the outer walls 
tenaciously cling two sea anemones {one laige, one small) and numbers of barnacles and worm-tubes 


Explosives would appear to be the secret of 
one class of creatures only, a family of small 
and obscure beetles that have earned the title 
of bombardiers Several species are native to 
Gieat Bntain, and if disturbed, as by upturning 
a stone beneath which they may be hiding, 
amaze the obtruder uith a volley of sharp pops 
followed by little puffs of acrid smoke The 
beetle ejects a drop of volatile fluid which 
Ignites on contact mth the air, and a well- 
aimed discharge may lay a big cockioach on 
its back 

FISH t\TrH WATER GUN 
One fish at least has evolved the ii'ater gun, 
but rather as a legitimate means of livelihood 
than as a weapon pure and simple The little 
Malayan archer fish squirts a jet of u ater from 
Its spout-shaped lips at any chance fly peiching 
on water-side vegetation, and the insect, fairl) 
struck, IS quickly engulfed as it falls upon the 
surface of the water Rarelv does the archer 
fail to hit the target 

Poisons of all kinds are wndely distributed 


throughout the ammal w'orld Many of us 
have had first-hand experience of insect 
poisons such as those of the ant, ivhich consists 
largely of formic acid, or of the mosquito, bee 
and w'asp In the last mentioned the poison is 
conveyed from tw'o glands, one containing an 
alkaline, the other an acid fluid 

SPIDERS KILL BY POISON 
All spiders kill their prey by means of poison 
injected through their hollow’ fangs, but only 
the venom of a few large tropical species 
affects human beings In the mollusca, poison 
glands and fangs are confined to one family of 
sea snails, the gorgeous cones of tropic waters, 
and their venom may have serious, though 
never fatal consequences 
Amongst the vertebrates quite a number of 
fishes carry’ poison glands, notably various 
sharks, the notorious sting rays, the chimaeras, 
the North American catfishes known as mad- 
toms, and the weeier fish Two kinds of 
wcever fish are found in England, the great 
weever measuring over a foot and the lesser 
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EIGHT EYES AND EIGHT LEGS 
Top Golden spidei ti iissing-up a gi asslioppei which 
vent III ed neai its web Bottom House spider Its 

eight eyes enable it to see in more than one direction 
at once In the backgiound ate its eight legs 
All spideis kill then piey bv means of poison injected 
thioiigh then hollow fangs 


%veever of only a few inches long The latter 
abounds in sandv bays, and carries hollow 
spines on its gill coveis and back fin ivhich 
connect with poison glands If a person 
bathing treads on one of these fish as it lies 
half buried in the sand a very painful ivound 
lesults 

The dangerous qualities of these little fish 
must have been knoivn long ago, for the name 
IS deiived from the Latin vipera, signifying a 
viper or a seipent One sometimes sees the 
notice “ ’Ware Weevers ” displayed on pier 
heads, and m France, ^vhele the big -weever is 
commonly eaten, a special law has been passed 
enfoicmg the lemoval of the spines before the 
fish IS exposed for sale 

SNAKE TOLL OF HUMAN LWES 
Most of the amphibians, such as newts and 
toads, exude poisonous secretion m the varty 
protruberances covering their skins, and even 
today the newt and toad have bad names in 
some remote country districts Normally one 
suffers no inconvenience from handling these 
otherinse harmless creatures, but experiment 
has sho\sm that if then secretions enter a cut or 
the mouth very painful results folloiv, and the 
fluids i\hen injected under the skins of small 
mammals even cause death Anyone ivho has 
seen a dog confronted with a toad, will have 
guessed the latter has something about it 
which renders it a highly distasteful mouthful 
About one-third of the one thousand five 
hundred-odd species of snakes noiv h\nng are 
poisonous m \ ai ymg degree The viper, found 
m Gieat Biitain, inflicts no more than half a 
dozen “ stings ” on human beings perhaps m 
the com se of a yeai , although its \ enom is moi e 
often than not fatal to dogs In contrast to this, 
the kraits and cobras of India alone account for 
some tiventy thousand human lues annually 

ONE VENOMOUS LIZARD 
The poison is derived from specially modified 
salivary glands, forming two large almond- 
shaped bodies, one on either side of the head 
In a few snakes, such as the night adders, they 
extend doi\n the interior as far as the heart 
Always the poison is injected thiough holloiv 
teeth in the upper ja%v, usually by a lightning 
stroke or a cheiwng action A few snakes 
actually squirt the venom from their fangs, 
a notorious example being that of the deadly 
South African spitting cobra or rmg-hals Its 
venom invariably causes blindness if it enters 
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REPTILIAN WEAPONS 
Above Skull of the hamadtyad, showing poison fang 
Top i ight Addei ’s head The mouth is open with 
the lowei mandible pulled back to reveal position of 
poison glands The addei is the only venomous snake 
in Gieat Bntaiii It is able to inject poison six times 
before its leseives are exhausted Bottom right 
Head of common gi ass-snake It is non-poisonous 

the eyes, and should it penetrate a cut, death 
follows m an hour or two Only one venomous 
lizard IS known, the Gila monster or heloderm 
of Arizona It possesses glands and fangs like 
those of a snake, but rarely if ever causes 
human fatalities 

Electricity played its part in the World War, 
and IS a recognized instrument of death in the 
penal codes of several countiies In Nature 
Its use as a weapon seems to be confined to 
fishes, having been evolved by several quite 
unrelated groups, each having batteries in an 
entirely different portion of the system The 
outstanding electrical fishes are the electric 
eel, which is only eel-hke in general shape, 
the electric catfish, and various skates and rays 

FISHES THAT GENERATE ELECTRICITY 

The so-called eel of Brazilian waters has the 
tail muscles — which constitute four-fifths of the 
bod) — converted into poiverful batteries, a 
Six-foot cel being able to gpve a shock of several 
hundred volts At New York Aquarium one 
of these fishes \vas used to light an aeroplane 
beacon, ring a bell, and even launch an 
aeroplane 

The catfish of Aiabia has the entiie body 
wall convcitcd into an electric organ, the fish 
being invested ivith one big battery as tnth a 
garment It uses this ueapon, not like most 
c cctnc fish to stun its prey but to shock other 



fishes into disgorging their meals, tvhich it 
appropriates Something like this is seen in 
the unattractive diet of the Squa gull, tvhich 
forces other birds to disgorge by the cruder 
methods of mere bullying 
The electric rays, common in all uaim seas, 
often visit English -waters during a heat ^\ave, 
and notify their presence to an) one treading 
on them as they he buried in sand in a veiy 
dramatic manner The French very aptly 
call this fish “ M’sieur Touchez ’ A big 
electiic or torpedo ray can give a shock of 
about thirty volts, the batteries being arranged 
in the form of hexagonal cylinders laid out 
vertically in ti\o groups, one on either side of 
the body \\ hen a fish, such as a grev mullet, 
swims unsuspectingly above a half-concealed 
torpedo, the latter rises, “ shocks ” the mullet 
by deliberately cannoning into it, and then 
engulfs the prize before it can rcco\ er 

MASSAGE BY TORPEDO RAY 
In olden times the torpedo rav -was made 
to furnish a crude form of vibro-massage, 
rheumatic suffeicrs being required fo stand 
bare-footed on the fish as long as the medical 
advisci or their o\\n po-uers of endurance 
dictated At Brighton man) )eais ago a i\ilv 
old longshoreman happemng to catch a big 
torpedo exhibited it as a catch-penny de\icc 
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by inviting all and sundry to “ guess its ^velght ” 
Nobody held the fish long enough to form an 
opinion until a knowledgeable bystander picked 
up the fish by the tip of its tail, the only 
insulated portion 

The phrenologist has rushed in where science 
fears to tread He has mapped out the brain 
into certain well defined areas, each of which 
he claims to be m charge of some particular 
attribute — courage, religious zeal, artistic capa- 
city, and so on To the scientific brain 
specialist the mass of nervous tissue controlling 
an animal organism is still largely an uncharted 
sea, full of mysterious currents and unplumbed 
depths 

No mechanism, natural or man-made, can 
even approach the brain in intricacy or 
subtlety We ivill here attempt only to point 
out the varying capacity of the brain, and 
the ^vork it can do Many of the misunder- 
standings and heated controversies of our times 
are the result of misconceptions concerning 
ammal mentality as opposed to human 

BIG AND LITTLE BRAINS 

In the two great divisions of the ammal 
world, the vertebrates and the invertebrates, 
the mammals on the one hand and the insects 
on the other, have outstripped all competitors 
Although the insects immeasurably exceed all 
other invertebrates in their varied ways of life 
and organizations, which often seem to mimic 
our own, their mental capacities are exceedingly 
limited — by their size The largest insect has 
an infinitely smaller brain than the tiniest 
fish As a result the insect brain works within 
the narrowest limits, it is like a machine 
fashioned to do certain things, and those only 

When the unforeseen happens, or initiative 
IS called for, one might as well expect the insect 


brain to rise to the occasion as one might 
expect a sausage machine to suddenly take on 
the task of a typewriter Faced with a crisis 
the insect still blunders on in the same rut it 
followed when all was %vell 

If a wasp IS cut in half, the forward portion 
continues to feed If a cockroach be decapi- 
tated, the jaws still bite at any food within 
reach, and the headless body continues to go 
about its business, ^valklng and even flying 
until, being unable to take m more fuel oiving 
to the loss of its head, the mechanism finally 
runs down 

BRAIN CAPACITY 

Imtiative, adaptability to altered circum- 
stances, manifests itself m even the lowest 
vertebrates, and increases pi oportionally with 
increase of brain capacity as we ascend the 
scale In judging the brain capacity of 
mammals, one may easily form a false judgment 
if guided by external appearances only 
Many an impressive “ dome of thought ” owes 
its seeming bulk, not to the brains within but 
to hollow bony stiuctures giving the skull 
strength combined with tightness, or to huge 
masses of muscular tissue ammating the jaws 

An X-ray view of the brains of familiar 
ammals would come as a surprise to some 
Man, for example, heads the list wth a brain 
roughly one-sixtieth his o^vn weight He is 
easily the brainiest cieatuie for his size the 
world has ever known The chimpanzee, his 
next of kin, has a brain only one-third the 
human weight The elephant, despite the 
portentously brainy appearance of its gieat 
head, has a brain less than one six-hundredth 
Its body ^velght 

The domestic cat, though so much the lion’s 
inferior in size, has a proportionately much 



W S BERRIDGE, FZS (MONDIALE) 

EEL THAT GIVES POWERFUL ELECTRIC SHOCKS 


The electi ic eel, found m the swamps of Brazil and Guiana, is not an eel, but it certainly is elect! ic, since 
It IS capable of giving a shock that will stun a horse Other “ electric ” species give lesser shocks 
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larger brain The horse, in spite of being 
almost humanized by some ot its admireis, 
cuts a pool figuie in the gallery of brains 
beside the avei age dog 

Human brains shoiv great uniformity of 
iveight, though apparently so variable m 
quality The gmde book to the College of 
Smgeons Museum in London, describes a cast 
of the biain ca\uty of Dean Swift there dis- 
played as “ of mediocie size and common 


1 



HAROLD DASTIN 


DO INSECTS FEEL PAIN*’ 

Capaatv to feel pain depends on biain-ponei This 
wasp having lost Ins posteiio? half, continues to eat 

shape, quite unlike the products of the biain 
which the cast repiesents ” It is also pointed 
out that “ many moie biains of men with 
specially developed faculties must be pieseiwed 
ioi investigation befoie any definite statement 
can be made as to a relationship between ariv 
particular part of the brain and the mani- 
festation of a paiticular faculty ” 

Theie are solid grounds for believing that 
the general aiea of the brain offers a clue to 
mental capacity The greatei the numbei of 
creases or convolutions into is'hich a brain is 
thiown, the laigei the area it would cover 
supposing It could be spread out flat There 
IS a marked deciease m the brain’s convolutions 


as ^ve descend the vertebrate scale ^Ve pass 
from man’s complex brain by almost imper- 
ceptible degrees to a mere blobbmess, and one 
cannot fail to be struck by the curious uniformity 
of birds’ brains, and their close smularity to 
those of some reptiles 

As m all other matters appertaining to 
Nature, ive aie here confionted vath some 
seeming contiadictions and paradoxes ^Vhales 
have brains iivalhng that of man in complexity, 
and the brain of the common porpoise, a 
“ pocket ivhale,” is relatively hea\aer The 
little sqmrrel monkey and the marmoset have 
slightly biggei brains foi then size than has a 
man, but must be of inferior quahty, judging 
by the owneis’ general deportment 

BRAIN AND PAIN 

The brain animates and directs the body, 
and tells the animal ivhen the body is m trouble 
by registeimg those signals from the nerves 
which we call pain Pam is appreciable m 
dll ect proportion to the brain poi\ er 

Failure to appreciate this simple pnnciple 
still gives rise to endless controversy concermng 
spoi t, the use of animals m medicine, and many 
other matters There are still plenty of ■well- 
meaning pel sons who put guinea-pigs, goldfish 
and buttei flies on a mental level wnth human 
beings ^Vheie an animal, such as a rat, renders 
Itself unpopular, sympathy is less apparent 

Equally muddled are many persons’ con- 
ceptions of cruelty as evinced m the loiver 
ammals A cat playing with a mouse, or a 
tiger toying i\ath a ivounded man, are placed 
almost on a level with sadistic Nero Cruelty, 
the conscious and deliberate causation of pain, is 
a sole monopoly of adult, responsible humamty 



RA\ PALMER (MONDLALE) 

GREAT WATER SCORPION 
The insect biain is like a machine fashioned to 
perfoim certain functions, and those only 
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AMERICAS MUSEI.M Or NATURAL IlISIORT, SE« TORS 


STRIPES AMID SUN-LIT GRASS 

The tiget^s coat of i eddish fawn stuped with black enables it to appeal inconspicuous against the long 
glass of plains and swamps The iiiidei paits of the body and the iniiei sides of the limbs aie white 

CAMOUFLAGE AND COLOUR IN THE WILD 

T O human spectators colour goes far to the stygian blackness of the ocean deeps, the 
make the pageant of life the never palling case is more understandable Black and red, 
spectacle it is But colour as such is not by absorbing so much light, both appear black 
always so sigmficant to the lower animals, in the darkness, and hence it is that many \ery 
colourful though they themselves often are diverse abyssal animals are either led or a 
A very large number are, in varying degree, uniform black Veiy often indeed ammal 
colour blind They live in a photographic coloration makes for concealment 
Moild To such, however, pattern still has a Uniform coloration harmonizing t\nth a 
meaning, which accounts for the often striking similar background need not necessanly con- 
designs which many colour blind cieatures stitute a cloak of invisibility Light from 
present m then markings above casts a shadoiv not onlv on the giound 

In this matter of colouring, the human but on the creature’s underside, thus rendeimg 
anxiety to find a reason for everything is not it conspicuous enough To counter this the 
always easily satisfied Why, for example, back must be darker than the bellv, so nulhfy- 
should so many desert animals be sand- mg the effect of the light and the shadow it 
coloured^ The ob\nous ansiver of course is casts This is a very general principle m the 
concealment, but here we meet with a difficulty coloration of a large number of crcatuies, both 
klany desert animals that might well seek con- vertebrate and invertebrate 
ccalment aie quite stiikmgly coloured, and In the surface W'aters of the sea, and also to 
others again are nocturnal, so that their a lesser extent of lakes and rivcm, there sw arm 
camouflage seems wasted the lanal forms of all manner of animals — 

When we considei anothei class of cieatures fish, ciustacea, molluscs, w'orms and so on 
h\mg in vciy umloim surioundmgs, namely Science, as already noted, calls this medley by 
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the not unpoetic name of plankton — tlie wan- 
derers Noav a high peicentage of plankton 
IS enuieh colourless Not onl) the “jellified ’ 
creatines, but lanal fish mth backbones, and 
the shell-encrusted crabs make a ghosdy, danc- 
ing phantasmagoria, onlv discernible when a 
strong light — as fiom an electiic toich — ^is cast 
upon a haul of them imprisoned in a collecting 
jar 

Later in life many of these creatures sink 
doisTi tlirough the water, to h\e out the rest 
of their time in the mid depths or on tlie sea 



MONDULE 

RAREST MAMMAL 


The giant panda, representing the link between the 
bear and the raccoon, has an unusual colour-scheme 

floor It is tlien that, giadually, pigmentation 
show^s Itself, first in scattered spots which, 
increasing slowh, merge and imest the 
Cl eature s entire body Those i\ Inch elect to 
li\e always at the suiface acqmie prei ailing 
tints of blue Jell) -fishes, such as the Portu- 
guese man-o’-i\ar, are t)'pical of this surface 
fauna 

SPENDING LIFE UPSIDE DOWN 
Light IS an essential to nch and varied 
colouiing, and it is noticeable that shells tend 
to be most pigmented on the upper surface 
But 111 the open sea there is a sea snail which 
reierses the noimal snail behaiaour Instead 
of Cl aw ling on its belly foot witli tlie spire of 
the shell pointing upwards, tlie nolet snail 
floats thioughout life isath the mouth of the 
shell directed skywards This portion is 
suffused a loiely \-iolet, ivhich fades to whitey 
blue tm\ards the spire 

On EgiqiUan friezes a curious fish is often 
depicted swim m ing upside doira This is per- 
fectly correct, and the fish in question is still 


common enough in Egs'pt It is coloured 
differently from all noimal fishes m that it is 
dark below and light above The sloth, hang- 
ing head doisnwards m the tree-tops, presents 
a similar reiersaJ and so does the badger 
Here e are met by a difficulty The badger 
habitually walks right side up 
This strange reversal is apparent in many 
allied ammals, the latels, skunks, pandas and 
coatis, ammals i\ell able to take care of them- 
seh es and sometimes armed with intimidating 
scent glands It may therefore be a isarmng 
form of coloration, retained from their more 
formidably armed ancestors One vcxy strange 
instance of this abnormal shading is seen m a 
iitde crustacean, miscalled a louse, often seen 
clinging horizontally to small rock fishes The 
upper side is ah\a)'s darker than the lower 

COLORATION FOR CONCEALMENT 
Coloration for the purpose of concealment 
is apparent eveiywvhere The stoat, Arctic fox, 
mountain hare and ptarmigan put oft their 
gre)' and russet -with tlie close of summei, and 
gradually assume coats that blend isith a 
world under snow Ver)"^ striking too are the 
heather mixture dresses of \anous heath and 
shoie birds Not only are the feathers so 
mottled as to blend peifecdy mth moorland 
and pebble ndge, but even the eggs are 
sirmlarly tinted, so much so as often to defy 
detection by the keenest e)es 
There can be little doubt that birds haie a 
very hvely colour sense In no way else can 
w e explain such dresses as those of tlie peacock, 
the various cock pheasants and male birds of 
paradise 'Where colour is wanting, the bird 
often finds means to lure a mate by song, it 
IS seldom that we find both attractions in one 
and the same bird 

Colour again can have a w armng significance 
“ Hands off ’ sajs the wasp’s gaudy attire of 
black and gold Yelloiv is a ver)’- prevalent 
warning colour The skunk isalks abroad 
cleaily labelled an untouchable, and so also 
do the caterpillars of the cinaba motli, and to 
a lesser degree those of the si\ alloi\tail butterfly 
The cinaba moth itself is conspicuous in its 
dark blue spotted a lund pink, and as with 
its caterpillar, no bird -will touch it twice 
Save lor seasonal changes, the colouring of 
mammals and birds is constant, but amongst 
the loiver vertebrates and invertebrates this is 
re\ ersed, often in dramatic fashion The httle 
green tree frog can blend \sith its surroundings 
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BADGER S COAT IS DARKER BELOW 

The badge! is one of the animals, like the skunks and the pandas, which reverse the usual coloiation-piactice 
in having the tinder paits of then coats darkei than the upper paits This makes them conspicuous 


to a certain extent, and so can many 
lizards 

How the chameleon earned world lame as 
a quick-change artist must remain a mattei 
foi surpnse It is far surpassed by many other 
lizards, and all kinds of molluscs and insects 
Exhaustive experiments conducted at the New 
Yoik Zoo made the piomoters vonder how 
the old tale of the chameleon exploding when 
placed on a tartan plaid could have arisen 
AVhcther the cieature was associated ivith bright 
gieen leaves, dead twigs, oi white sand, the 
reaction ivas always the same, a dull 
yellow 

Ver)' different are the responses shown by 
certain common flat fish such as the sole and 
dab If made to swim Irom a sandy floor, 
wheie they are invisible, on to an area marked 
in geometric patterns of black and white, the 
fishes become one with their suiioundings m 
a few minutes 

mPNOTlSM IN NATURE 

Fcai, hunger, rage or other emotion, produces 
just as startling changes in many other kinds 
of fish In the John Don' a vmd streak appears 
down the centre of the fish’s face when food 
appcai-s, and it has been suggested that this 
holds the attention of a prawn untd the doiv 
can engulf it Still more staking is the way 
in winch some tice snakes ha\e the tongue 
coloured umformly with the head ^\hen a 
bird or othci prey is sighted the tongue is shot 
back and fortli, producing an extraordinary 


face-making effect, w’hich is beheved to 
“ hypnotize ” the bird into immobihty 

Colour plays a great part in camouflage, and 
IS doubly effective when aided by form The 
python m the jungle might well pass for a 
lichen-encrusted, sunlight-flecked tree branch 
In this connection it may be mentioned that 
forest animals tend to present light spots on a 
dark ground, simulating the play of sunlight 
through leaves, ivhilst daik spots on a light 
ground are the rule w’lth plams-dtvelling 
animals, especially on pebble-strewn areas 
Stnpes blend w'ell ivith sunht grass, the tigei 
and zebra are obvious examples of this type of 
protective coloration 

RESEMBLING THE DESERT 
Some desert lizards, like the Australian 
moloch and the Mexican toad, both clad m 
dense coats of sharp spines, are absolutely 
indistinguishable from the sun-baked sand 
sprinkled w'lth drj' thorn scrub or sphnters of 
quartz and hornblende 
The shores of Great Britain pronde some of 
Natuie’s most peifectly camouflaged animals 
The woid camouflage, be it noted, means 
literally a disgmse, and is comparable with 
camouflet, sigmfymg a puff of smoke in the 
face, in which connection its war-time applica- 
tion is sufficiently apparent In summer the 
octopus wsits England’s shores, and no 
creature is more difficult to detect upon 
a weedy and rockv sea bed It can dilate 
certain pigment cells and contract others so 
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that an immense range of colour changes is 
at its command, rendering it adaptable to 
almost any emironment 

h'lan^ fishes ha\ e exaggerated fins or special 
embellishments of skin i\hich pelfectl^ simulate 
i\eeds In the common angler fish e\en the 
eyes aie so maiked as to counterfeit the starrv 
sea sqmit ^\hlch enciusts weeds and stones 
Some tropic sea hoi-ses are hterallv lost amongst 
then voluminous decoiations One sees the 



« IDF WORLD 

HIGHLY-COLOURED BIRDS 
Male peacocks cannot charm then mates b^ song, but 
they do so }\ith biight coloins and will fight for the 
possession of a desired hen 

same prineiple at ivork on everv hand Sea 
slugs counteifeit the anemones on ishich they 
feed Anemones mimic gia\el beds and coial- 
hnes, ciabs, w'orms and shells pass themseKes 
off as almost an\ thing but what thev are 
In the spidei crabs we meet an amazing 
degree of what ma^ be designated artifice, 
amazing since thev ha\e no biam compaiable 
to those of even the lowest %eitebiates These 
crabs ha\e rugged shells co\eied rvath hodked 
bnstles The animals ^erv dehberatelv take 


cuttings of sea weeds and coiahines, cherv the 
ends to gi\e them better pm chase, and then 
affix tliem amongst the hau-s on carapace and 
limbs, wheie thev take loot, and in time 
entirely conceal the gaidener 

This is not all The crab shoi\-s minute 
discretion in making its fancy dress blend wath 
Its surroundings If a ciab dressed in red 
w'eeds be placed in a tank filled wath gieen sea 
plants, the old diess is methodicalh iemo\ed 
and a gi een camouflage substituted Instead of 
hooked hairs some of tlie spider ciabs haie a 
‘ pipe-clav ’ surface to the shell i\hich gnes 
an ideal anchorage to the sponges ■which these 
Cl ustaceans use exclusu elv in their “ make-up ’ 
\\ hen neithei w eeds noi sponges are available, 
pebbles may be laboiiously piled upon the 
back 

DRESSING-UP BY CHANCE 
When \ertebrates dress up it is the result of 
chance lather than of premeditation The 
slotli acquiies a powdering of hchens, the mud 
turde and limpet gadier vegetable growths as 
the result of their sedentarw Ines The only 
case of dressing up analogous to that of the 
spidei crabs is seen in a family of tropical sea 
snails know n as earner shells Like other 
molluscs these add to then shells bv means of 
supenmposed la) eis of hmv secretion But the 
caniei-s show origmahU'^ in that diey incor- 
poiate bits of the ground the% Ine on with the 
cement, and shell collectoi-s dnide them into 
mineralogists and conchologists according to tire 
nature of then disgmse In either case it blends 
pel feedy -with local scenei ) 

NATURE \ND THE AVORLD W'AR 
Self-contained camouflage resolves itself 
chiefly into breaking up the animal s oudine 
with a dazzle pattern Thaver, the ammal 
aitist, mav be regarded as the ongmatoi of 
that complex system of camouflage which the 
World ^Var brought into dail) life We painted 
slups much as the killer i\hale and sea umcom 
are marked, and even took a hint from the 
spider crabs when we coiered guns and 
ammunition dumps with netting sewn all o\er 
with sciaps of gieen and brown rag 

The essence of a camouflage diess is to make 
its weaiei look like something else A ver\ 
common foim is plant imitation The leaf 
butteiflN of India e\en shows holes and mould 
spots on Its 'Wings, "which m shape peifectlv 
counterfeit lea\ es e\ en to the stalk The South 
American leaf fish has a stalk-shaped nose, and 
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spends much time drifting sideways or standing 
on its head, in which posture not one man in 
a hundred would suspect its true nature 

Stick insects perfectly suggest dead twigs in 
their every feature, and the leaf insect not only 
turns fiom green to biown m autumn, but lays 
eggs so like plant seeds as to deceive the expert 
botanist The leaf insect’s colouring, like that 
of the bright green bones o( the garfish, is due, 
not as IS noimal in animals to pigment, but to 
chlorophyll, the prevalent colouring matter ol 
plants Some few insects like the tropic “ orchid 
spidcis ” and mantids counterfeit flowers, less to 
evade enemies than to lure insects within reach 

DISGUISED AS HARMFUL 

Natural selection has achieved one of the 
subtlest and most effective of all camouflages, 
the disguising of a harmless as a harmful species 
Such a piece of bluff may be seen in the common 
hover fly, ivhich many birds mistake at first 
glance for a wasp As in most cases of this 
kind, the bluffei is less common than its model, 
otherw ise the lesson of its w arning colours "would 
be w'asted The clear wang moths simulate 
bees and hornets, and the American viceroy 
butteifly. Itself tasteful to birds, imitates the 
nauseous monaich butterfly inhabiting the same 
regions 

Most icmaikable of all these devices possibly 
are the pantomime di esses of certain plant 
bugs The thorax is prolonged fore and aft so 
that It spreads like a loof over the insect’s head 
and abdomen, and this roof is made to resemble 




HAROLD BASTIN 

NATURAL WEAPONS 
A wasp wears a bright yellow jacket as a warning to 
other animals that if attacked it can give a good 
account of itself in spite of its smallness The 
Masp's sting IS composed of three distinct parts 
a sheath, and inside it, t)\o barbed needles Abo\e 
left, the sheath , centre, one of the barbed needles 
and right, the tip of a medium-sized sening-needle 
Right The whole stinging apparatus, showing 
poison-bag at top and weapons at bottom 
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ZEBRA’S DEFENCE 

The zebia's stupes teitdei it very conspicuous m 
captivity, but not in its natinal sun oiindings, for 
stripes blend well with glass in strong sunlight 

all manner of objects, so saving the tasty and 
defenceless little bug beneath from foes In 
one species the roof suggests a thorn, another 
a plant bur, or the distasteful cocoon of a moth 
The chmax is reached m a species ivhose roof 
actually numics the head and body of an ant 

FACE-MAKING BLUFFS 
These plant bugs are tiny objects and rmght 
pass unnoticed disguised or otheiwise, but the 
make-up of the South Ameiican lantern flies is 
so large and glaring as to lOut a foe by shock 
tactics They have immense holloiv structures 
projecting from the front of the head Some 
species are larger than mice and so impossible 
to Ignore All are sufficiently arresting, but 
one has the hollow structure or lantei n painted 
m blight colouis so as to suggest a fearsomely 
gnnmng and glaring reptile of uncertain species 
but unquestionable savagery No bird or 
monkey coming upon this suddenly stops to 


investigate further The face-making bluffs 
of puss and lobster moth caterpillars seem tame 
beside this insect’s lantern, the precise import 
of which, save as an intimidating dewce, is 
unknoi\m 

All these camouflages, in which a harmless 
animal mimics a harmful one, merely excite 
our interest, but one at least must be taken 
seriously 

DEADLY CORAL SNAKES 

In the southern United States there are two, 
and in tropical South America Uventy odd 
species of reptiles known as coral snakes They 
almost invariably present red, yelloiv' and black 
rings, arranged m varying order, and all the 
species are venomous, some fatally so Wherever 
they occur there are also found harmless snakes 
so sinularly marked as often to be mistaken for 
the deadly kinds 

In the harmful species the black rings are 
single and bordered with a pair of yellow rings, 
whilst m the innocuous kinds the yellow rings 
are single and bordered ■\\nth a pair of black 
rings Unfortunately the average peison, even 
though awaie of this, seldom remembers it at 
the light time, and the annual death rate due 
to coral snakes is considerable 

The most cunning camouflage may sometimes 
fail m Its aim, discretion as to its use is half the 
game Birds like the woodcock, and certain 
moths which mimic hchenous tree trunks, oive 
as much of then effective concealment to a 
^vonderful capacity for keeping still as to their 
faithful imitation of surroundings Movement 
on the ammal’s part would at once give the 
show away 

All tree bark imitatois, like the vaiious moths. 



LIKE ONE OF THE GIANT DINOSAURS 

Two male homed chameleons from Kenya Most membeis of this sub-oidei of hzaids lay eggs but the vaiiety 
shown above pi oduces its young alive The chameleon's capacity foi changing coloui is often exaggerated 
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ANIMALS THAT HIDE BY DRESSING-UP 

Left A spider-crab “robing" itself in seaweeds Right A tropical “ carriei -shell " sea-siiail diessed 
in the dead shells of othei molluscs Spider-crabs sometimes sheltei within the tentacles of sea-anemones 
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INNOCENT-LOOKING POISONER 
The sea-anemone naiej its poisonous but harmless- 
looking tentacles as it ivaits for its prey Sea- 
anemones aie akin to the coials, but do not form 
skeletons oi piodiice colonies Foitv species are to 
be found in the wateis siirroiiiiding Great Britain 


suddenly ceasing to run when the enemy is 
almost upon them One of the greatest 
exponents of this art is the grotesque frilled 
hzaid of Australia Rising on its hind legs it 
runs at incredible speed and suddenly stops 
The pursuer having run well past it, it at once 
heads the opposite %vay and makes good its 
escape 

SA^T;D BY FEIGNING DEATH 
A form of camouflage is that in ^vhlch an 
ammal may imitate itself The Indian sand boa 
and a few other snakes have the extremities so 
alike that it is not easy to say at a glance v\ Inch 
end goes first Sometimes the tail can be 
raised in a manner highl) suggestive of a head 
about to strike, in w hich case the real head has 
a still better chance to obtain an early start 
in the eventuahtv of pui-smt 

FeiEcmnsr death is the ammal’s last line of 
defence A tropic grasshopper thus sav es itself 
from foes v\hen passing through an inter- 
mediate stage betw'een its larv^al form — ^w hen it 
mimics an ant — and its peifect state, v\hen it 
resembles a growing leaf 

The past master in this ait of immobihty is 
the American hog-nosed snake, ivhich not 
merely remains quiet, but goes limp, offering no 


FISHES THAT IMITATE PLANTS 

Certain fishes find it comenient to camoiifiage themsehes by posing as plants Left Two slender pile fish 
Centre A tropical sea-horse Right A fish whose stripes enable it to blend with the weeds 
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more objection to being handled than a piece 
of string 

Raymond Ditmars, the deservedly famous 
American student of reptiles^ once thought to 
impress his native porters on an evpedition 
with his occult po\\ers Taking up a lively 
hog-nosed snake, he apparently “ killed ” it 
with a few mesmeric passes, the snake of course 
automatically simulating death Then, placing 
It on the ground, he made some more passes, 
when the snake, according to custom, having 
made sure it was no longer m danger, cautiously 
came to, and made off 

PLOT THAT REBOUNDED 

The effect of this was unfortunate The 
porters were not only impressed by their 
employer’s psychic powers, but aghast at them, 
and yelling with terror, decamped into the 
gathering dusk, leaving the scientist alone 
with his baggage in a desolate and lawless 
region 

In our sophisticated way we may be inclined 
to laugh at such an incident, forgetting that for 



STICK INSECT 


WIDE WORLD 


This insect, one of the phasmtdae, is so long and 
linn that it looks like the branch on nhich it rests 


r 



manudae family, is coloured to icseiitble a flowei 

long our forefathers believed in the most 
fantastic of travellers’ tales The mantids, foi 
instance, ivere fortune-tellers The appearance 
of one of these insects tvas invariably held to 
foietell famine or death, possibly both As to 
the piaying mantis, “so divine a creatuie” 
ivas this esteemed that if a child asked the way 
to a place -where supplications are made to the 
gods, the insect “ will stretch out her feet and 
show him the right way, and seldom or never 
miss Walking softly, she retains her modesty 
and shoiss forth a kind of mature gravity ” 

DEATH-WATCH SUPERSTITION 
Another superstition is in connection wnth the 
noise made by the death-watch 'When heard 
it is held to portend bereavement, hence the 
name Science, cold and calculating, reassures 
us The listener is far more likely to lose 
money than a friend The knocking is caused 
by the male beetle tapping its head on wood as 
a signal to his lady-lo\c The destruction 
caused by death-watch grubs burrowing in 
timber is incalculable The insects did grievous 
harm to the roof of ^VestmInster Hall 
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FOX 


WHY THE LION HAS A MANE 

Cliailes Danvin suggested that the lion's mane, like that of the baboon, selves as a shield to piotect the 
weaiei when fighting to the death with anothei of his kind foi a mate A device with a similai purpose is 
the goat's beard, which on occasion is a tuft of consideiable length Many extiemely quarrelsome animals, 

however, ate without face-trimmings of any kind 
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COURTSHIP AS CONDUCTED BY THE ARTHROPODS 
I The male fiddler crab and (2) a spider dance before their prospective partners 3 The scorpion s parade, 
the wale holds the fewale^s claws and then proceeds to walL back^^ards a considerable distance 


ANIMAL COURTSHIP 


I N his play Tou Never Can Tell, Mr Bernard 
Shaw makes two bright young people 
declaim m duet 

“ In spring, and also in summer, autumn 
and winter, a young man’s fancy lightly turns,” 
etc 

Therein, neatly stated, lies one of the great 
fundamental differences between the courtship 
of man (and the man-hke apes), and the 
courtship of almost every other kind of animal 
With very few exceptions the beasts, birds and 
other creatures seek their mates at given 
seasons, but the higher pnmates arc less chained 
by time 

Courtship in the lover ammals is also more 
subject to a certain machine-made uniformity 
Any fifty stags or cnckcts taken at random 
\sill go about their vooing with slight deviation 
from racial tradition, but even in our own 
conservative and custom-bound nation, court- 
ship may ring millions of changes between 
the crudest horseplay and badinage on the 
one hand, and on the other the sonnets of a 
William Shakespeare 

Regarded simply as a spectacle animal 
courtship is of absorbing interest, and at times 
seems to offer cunous parallels to that of 
human beings, although, as we shall sec, such 
parallels arc often more apparent than real 
The uige on the part of the male to court, 
as distinguished from merely advertising his 
existence to the opposite sex, though becoming 
more and more obvious as vs e ascend the 
animal scale, is ver)’^ unevenly distnbuted, and 
some creatures vse might expect to court show 
no inclinations m this direction 
Courtship, where it exists, is nearly always 
conducted by the male, and polygamy is 

f* 


probably more frequent than monogamy 
Polyandry — the selection of manv males by 
one female — is, as amongst human beings, of 
less frequent occurrence, though it undoubtedly 
occurs in some fishes and insects 

Perhaps the beginnings of courtship show 
themselves in certain marine bristle worms 
The males at a ceitam time of year writhe 
convulsively in the coils of the females, thus 
inciting them to dischaige their eggs, which 
the males promptly fertilize Many molluscs, 
for example the common garden snail, are 
hermaphrodite, that is, they possess both male 
and female sex organs, yet these creatures show 
a dim foreshadowing of couitship, mutually 
exciting each other s reproductiv'^e instincts by 
plunging crv’stalhne objects of appreciable size, 
know'n as “ lov^e darts,” into each other’s bodies 
Amongst the serried legions of the jointed 
ammals, the crustaceans and insects, courtship 
becomes a more recognizable affair Many of 
the crabs and lobsters show colourings and 
ornaments, or weapons that, as strictly male 
appurtenances, can mean but one thing The 
crav '-fish “ grunts ” by rubbing its feelers 
aga.nst its beak, and the male of the little 
snap lobster found on the southern coasts of 
England can snap the finger of its big right 
claw wath a qmte appreciable report — equal to 
that made by slapping the palm of one hand 
wath two fingers of the other 

Still more picturesque is the wooing of the 
fiddler crab that swarms on every’ tropic and 
sub-tropic shore The male has one claw 
double Its body bulk, and most gorgeously 
coloured This it flourishes before the dowdy 
little female wath tireless persistency, until a 
satisfactory' reply is vouchsafed 
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GLOW-WORM LOVE-MAKING 
Male (top) and female, who hues the fonnei by a 
light emitted fwm the extiemity oj liei abdomen 

The scorpion has a bad name, but he 
shoivs a certain old-%vorld elegance in affairs 
of the heart The lady is approached and 
taken by both hei claivs, these being held in 
the largei pinceis of the male, ivho then, 
■walking backivaids, conducts her on a love 
walk of considerable length 

In the minute “ false ” or “ book ” scorpion 
ivhich infests linen and hbiary shelves, we can 
see the leason for this strange conduct The 
male, which is a miniatuie of the tiue tropic 
scoipion, ivithout the sting- tipped tail, places 
the fertilizing agent in a minute crystalline 
cup, poised on a slendei stalk He has then 


to find the lady and, ha-ving -won her consent, 
he leads hei by the claivs until the cup is 
reached, and her eggs are fertilized He may 
thus court half a dozen possibles before meeting 
wuth success 

Among the spiders ive meet with courtships 
of a gruesome kind There are species, it is 
true, m which both sexes live, for a time at 
least, m perfect harmony, but this is not the 
rule Generally the male is to the female as 
might be a human dwarf to a cannibalistic 
giantess He spends his wooing m alternately 
seeking to chaim his lady ivith fantastic dances, 
or flying for his life Sometimes he plays a 
sort of nightmare hide-and-seek amongst the 
lady’s legs One false step and her venomed 
jaws pierce him through and through 

HUSBAND AS WEDDING BREAKFAST 

A dozen swains may thus pay for their 
temeiity, and ivhen at last one is accepted 
as a husband, as like as not he ends his career 
as a iveddmg breakfast for his bride 

It is likely that the female spider’s ferocity 
is prompted by a blind urge to foitify herself 
against the strain involved by egg production 
Possibly this instinct also animates the female 
praying mantis, who sometimes devours her 
husband even ivhilst their umon is being 
consummated 

Moie attractive are some of the devices 
adopted by the higher insects when seeking 
each other to fulfil their destinies The female 
glow-ivorm lights her lamp m the damp hedge- 
row, and the less brilliant but %vmged males 
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PURSUING NECTAR BEFORE A MATE 

Smell aids moths in finding a mate A long-tongued Mexican hawk-moth visiting a tobacco fiowei before 
going courting It can extract nectar from the depth of a fioial tube of even greater length 
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FISH THAT FEEDS ON ITS PARTNER 

Photocorynus spiniceps is found in the Gulf of Mexico The tiny male of this species attaches liiiiiself to 
the skill of the female and begins to feed upon the blood stieam of Ins unfoi tunate paitnci 


fly to her casement with all speed Many 
moths have an extraoidinaiy sense of smell 
which aids m finding a mate, and the wonder- 
ful nuptial flights of the bees and othci insects 
have excited man’s attention from eaily times 
More in the nature of tiue couitship is the 
behaviour of the little carnivorous flics called 
empids The males actually offer their desired 
paitners gifts of food, such as othei minute 
insects, enclosed in little quicksilver-like bubbles 
of fine silk or othei secreted material, the lover 
flying here and there seeking a mate ivho shall 
appreciate his offering In some species the 
gift takes quite an lesthetic form, being com- 
posed of a scrap of gaudy feather, a flow'er 
petal, or even part of the discaided ^vrapper 
from a sweet or cigarette packet 

FISH IN COURTING DRESS 
Theic are some pietty, and some lurid, 
courtships to be seen amongst the fishes In 
those fishes which undeniably court, the male is 
alw’ays dicssed foi the pait The gallant not 
only cxcits himself to the utmost to win his 
bride by blandishment, oi , if need be, by force, 
but puts on a dress of magnificent though 
tcmpoiary finely At such times all other 
males of his species and inoffcnsne strangers 
alike arc hated avals foi Ins lady’s favours 
Nobod\, once having seen a stickleback in 
his courting dress — and mood, ^^all easily forget 


the sight The lobm stickleback comports 
himself with a dash and verve w'Oithy of a 
creature many times his bulk Members of 
the growing band of tropical aquarists wall 
know' the couitship of the little Siamese fighting 
fish, w'ho outshines even the robin stickle- 
back in inspiied fuiy and devotion The fish 
glows wath burning tints, as though illuimned 
from wathin, and aftei a whiilwand courtship, 
tightly embraces the adored wath his entire 
body 

PUGNACIOUS AT PAIRING TIME 
The little goby waxes pugnacious at pairing 
time, and so also does the salmon, the male 
displaying an cxtiaoidinary hook-hke develop- 
ment of the jaw' at this season The English 
dragonet shows the male at courting time as a 
fish equalling in bizarre form and vivid 
colouiing any denizen of tropic seas 

The displays of some male fishes, and others 
of the low'cr vertebrates, though unquestion- 
ably passionate, are still in the nature of 
automatic reflexes It would be a fatal error 
to humanize them, and to read into them 
anything appi caching the loves of our own 
species Once the fish courtier has w'on his 
bndc, he is done w ith hei IVhen, as sometimes 
happens, the male takes charge of the eggs, 
the mother may ev en prov e a canmbalistic foe, 
to be dnven off at all costs 
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The amphibians are nearh related to the 
fishes, but the tiso main groups into i\hich 
amplubians are di\aded — the fiogs, toads, etc , 
and the ne^\'ts, are as strikingly contrasted in 
courtship as m outward form In the foimer 
the males simply advertise their presence by 
the well-knm\Ti cioaking choius, and ha\ang 
seized the first available mate, courtship, such 
as It IS, tenmnates 

POSTURINGS AND CONTORTIONS 
With the nei\"ts matters are much more 
elaborate The male extrudes the sperms in 
a httle balloon-shaped capsule, is hich the 
female must take in her tsso hands, pass to 
her feet, and witli these place the package in 
her oviduct But it is not enough just to put 
the speian case inthin sight of a female To 
rouse her inteiest the male assumes a glaring 
dress of black spots on a chestnut and crimson 
giound isath a saw -toothed crest lunmng fiom 
nape to tail tip and thus attiied engages in 
extravagant posturings and contoitions, until 
Ins offering meets vntli acceptance 
By all tlie laws of logic, reptiles should show 


an advance upon fishes in their love-making 
It ma) be tliat thev do but up to tlie present 
so little attention has been given bv scientists 
to the matter tliat no such assumption is 
justified Turtles and terrapins often con- 
gregate m vast numbei-s to deposit their eggs 
m one speafied area, but whether these 
assemblies involve anv form of courtsixp we 
do not know Many snakes gather at certain 
seasons to form huge inextricable tangles of 
botli sexes 

MASS MEETINGS OF CROCODILES 
Mass meetings of crocodiles are reported, and 
tlie males of the big monitor lizards are known 
to duel on their hind legs where the possession 
of a mate is in question Probablv^ the cumber- 
some and bizarre horns worn bv some male 
chameleons are m tlie nature of adornments 
Considering how' these reptiles even when 
roused liv e in slow motion tlie} could scarcelv 
be considered as w capons 

In the Bnbsh Isles at least, no single phase of 
ammal life in the entiie Arcadian calendar has 
enlisted such general mteiest svmpathy and 



SHEDDING AN OLD SKIN FOR A NEW ONE 
Female stnped ne\\t after sloughing skin, t\liich can be seen hanging on the branch of the -water-weed When 
courting the male assumes a glaring dress with a saw'-toothed crest running from nape to tail tip 
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TURTLES PREFER TO LAY EGGS IN COMPANY 
Tiiilles often congiegate tn laige numbers to deposit then eggs This specimen caiefidly scanned the near 
honzon^ coveted hei lottnd white eggs, and cianled back to the swamp whence she had come 


imagination as the couitslup of the birds To 
most of us springtime is epitomized in the 
spanorss’ noisy chatter, the cuckoos note, the 
song of the mounting laik and the sweet 
w ai bhng of the thrush and blackbii J 

CEREMONIAL AND SONG 

Song ranks but as an item in featheied love- 
making Bird courtship implies also elaboiate 
dress, and even more elaboiate ceremonial 
riiough song and ceremonial may be as 
automatic as the sprouting of fine feathers, 
their wondei does not lessen when we considei 
the ciudc woikmanship of the bird brain 
compaicd w'lth that of the much higher but 
less scsthctically inspired mammals 

Bud song is often ver)' obviously a love song, 
but is not always so Recent obscivers have 
established that it is ficquently a defiant 
declaiming of tcrritoiial rights, a challenge to 
iival cocks to enter the cliaimed ciicle of the 
nesting site, if thev dare This is veiy apparent 
in the case of England’s common waibleis, the 
males of wluch aiiive fiom winter quarters on 
the continent of Euiope in advance of the 
females ^Vhen the hens airue, song laigclv 
gives place to an invitation to collaborate in 
house building 

This is a device evhibited by nianv male 
buds When a desired paitncr is found, she is 
approached with scraps of moss, leaves or twags, 
and coaxed into partneiship Amongst some 
penguins, such as the Adelie of South Georgia, 
in the South Atlantic stones make the nest. 


and selected pebbles are solemnly dropped by 
Benedict before his Beatrice 
As m othci creatures love-making amongst 
the buds is largelv controlled by physiological 
factors, and paiticularly in the lemale Often 
the eggs forming within the hen biid must 
reach a certain stage of development before 
they are fit foi fertilization, and when this 
point IS arnv'ed at, further effoits on the part ol 
the male aie required to inflame her to the 
pitch of actually mating 

THE ETERNAL TRIANGLE 
Among the warblers, song is later augmented 
by pretty dances and posturing, spieading of 
wings and tail, and othei antics played from 
the vantage point ol some convenient twig, 
within lull sight of the hen, and calculated to 
show the suitor at his best 
A strange feature in the courtship of many 
birds IS the segi egation of the males at breeding 
time This gathering is no light-hearted 
bachelors’ club, but a sort of mass meeting of 
male mannequins, each straining ev^ery faculty 
in a ficnzy of displav To tins assembly the 
females come in due course, walk round it, and 
eventuallv make then choice 
An instance of this seen in England is that 
of the ruff s “ dance hall, ’ usuailv' a piece of 
waste ground rising from out an expanse of 
marsh Here the males, in their wonderful 
ruffles, which look like judges’ vvags, pirouette 
and twirl dizzily for hours on end Anon come 
the sober-looking rcev es (hen birds) to look for 
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mates When a cock is obviously selected, he 
chans:es his dance for an elaborate abasement, 
spreading his ^\■mgs fiat upon the ground, and 
placing his beak point doi\ n to the soil "Where 
the eternal triangle occui-s, the tivo males 
concerned engage in savage conflict, their 
ruffles ser\ang as shields against each other s 
stabbing beaks 

Even more striking is the dance hall of the 
prairie hen, one of the grouse tube Some 
grouse, like the red grouse, are monogamous. 



ornTR r riKE (mondiale) 

FvELATED TO THE SNIPE 


77;e female plialaiope does the cowtmg Ee, male 
paitnei takes caie of the eggs when they anive 

and courtship at its most exciting resolves itself 
into no moie uhan a duel between two cocks 
But m the Amencan prairie hen, as in the 
handsome black-game, courtslup is a matter 
for a mass meeting 

From March to early hlay the praine grouse 
assemble at some open space — its open quality 
largely the outcome of pi evious meetings which 
have stamped the ground clear The (jocks 
make a bold shoiv, isith horn-hke tufts of 
feathers erect on eithei side of the head, and 
large bare sacks of skin puffed up to the size 
of golf balls These augment the bird’s voice, 
and help to produce a startling booming sound, 
ivhich can be heard a mile or tivo distant The 
cocks also loudly cackle, clash their iiangs, and 
leap high into the air The giound becomes 
strewn i\ath feathers, and the turmoil continues 
for an hour or more after sunrise, ivhen suddenly 
It stops, the rivals feed peacefully side by side. 


and qmet reigns until another daivn breaks, 
ivhen again they enter the lists 

Those extraordinary members of the croiv 
faimly, the birds of paradise, outshine all other 
birds as male mannequins, but appear to have 
little idea of dueUing So elaborate are the 
plumes of many that duelling irould probably 
be scarcely piacticable The males of each of 
the feiv score knoivn species display distinctive 
crests, shields, or other adornments of dazzhng 
metallic hues and almost incredible designs 
Some when displa^nng are only recogmzable 
as birds at all by then beaks and feet, and even 
these can be hidden by the ^ olummous finer)^ 

MALE MANNEQUINS 

A selection of typical paradise-croiv gallants 
are showm m the picture The Count Raggi, 
for example, has elaborate tail plumes, as also 
have many other kinds The greater and 
lesser buds of paradise have u aterfall-hke 
cascades of orange plumes faUing from ivhat 
approximate to our armpits The tivelve- 
i\ired paradise-crow has exaggerated head 
ornaments, and the superb an immense 
distensible shield of burmshed green and 
copper springing fiom its breast 

These dazzhng inhabitants of the New Guinea 
jungle aie precluded from such \aolent exercise 
as the giouse indulge in, but they still make 
display in a marked manner The Prince Rudolf 
bird, for example, is one of the upside doivn 
school, as IS also the supeib paradise-crow 
The Prince Rudolf bird completely invei ts itself, 
spreads its wangs, and trembles ^^olently from 
head to foot The first specimen ever brought 
to a zoo so horrified its keepers by these 
acrobatics that they thought the bird is'as in a 
fit, and treated it to a qmte unwanted dose of 
physic 

BIRDS BUILD DANCE HALLS 

Courtship perhaps reaches the summit of 
Essthetic refinement m another group of 
Australasian birds, the boiver builders, which, 
like the buds of paiadise, are members of the 
crow family Wkth feiv exceptions, the male 
boi\er birds are as unadorned and even dowdy 
as the inconspicuous hens of the paradise-croivs 
But they compensate for an)' lack of pei'sonal 
charm in the amazing dance halls, or assembly 
rooms, ivhich they constiuct So huge are 
some of these structuies, that eaily travellers 
in Australia mistook them for aboriginal 
cradles 




BIRD OF PARADISE GALLANTS AND ARGUS PHEASANT 
Top {left) Lesser superb bird of paradise, great bird of paradise, and (belon) Prince Rudolf bird of 
paradise On right, the same birds “in displas ” tilien courting A tipical hen is also shown At bottom, 
Argus pheasant When courting the male in the background raises his wings to form a fan 
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OUVER C PIKE (S-OSDIAIX) 

SEXES ALMOST IDENTICAL IN APPEARANCE 


The hen bird of the great aested grebe meets her lover half-vay vhen he is com ting In appearance the 
sexes are almost identical The\ are more at home in voter than on land 


Each species builds in characteiistic str^le, 
using special matenals, and putting them 
together i\ith consenatue ntual No other 
ammal structuies, not e\en the most elaboiate 
erections of bea\eis or social insects can 
approach in ai tistic discei nment and douTinght 
i\orkmanship these a\aan retreats secreted m 
the fastnesses of the Australian bush Both 
sexes may collaborate in making the boiier, 
i\hich, uhilst It IS undoubtedly inspiied bv the 
painng instinct, and is used as a lo\e boiver, 
may also apparenth satisfy some aesthetic or 
social craying long after the fires of passion 
have burned 1 o%n 

DECORATED ViTTH FLO\^'ERS 
Neiv Guinea s gai denei bow er bird heads 
the list in aitistic refinement It builds out 
of ti\ags a ti\ o-feet-high hut at the base of 
a tree, crowmng the roof with moss In front 
of this structure is a lawm of moss, which is 
decorated wath gay flowers ana berries, the 
embellishments being renewed as often as 
they fade Zoo captives invariably use what 
ornaments thev can come bi — glass maibles, 
neiv pennies, silver paper, and e\ en bus 
tickets 


The golden boiser bird is a mere amateur 
at decoration, but tshat it lacks in refinement 
It makes up for m size, for it constructs a big 
stiaggling dance hall fouiteen feet long b) six 
feet wade Sometimes it builds on a more 
modest plan and croisds four oi five huts into 
a space only ten feet square Some kinds pile 
the hut up against a tree bunk until it reaches 
a quite imposing height, and often shois' a 
mai'ked piedilecbon for some special colour 

DANCE OF THE PHEASANTS 
Perhaps tlie palm should go to the sabn 
bower bud, w'hich actually plasters the inside of 
Its w'ooden hut with a sort of gesso or distempei 
made from chewed -wood pulp The bud has 
an unusual fondness for anMhing blue, a colour 
which matches its prominent eves 

The bower birds aie adepts in all kinds of 
dainty bobbings and curts}ungs, but in this 
regard thev are easily outshone b-s the pheasants 
Each species of pheasant has its special dance 
the outstanding performei of the clan being 
the Argus pheasant of Alalava Like the so- 
called Etc pheasant of New Guinea, this bird 
shows wondeiful skill in steeimsr its enoimous 
tad featheis through dense undeibush 




ATTRACTIONS DISPLAYED BY MALE BIRDS WHEN COURTING 
Top Umbrella bird, piairie gwiise,jay shrike, king penguin, pelican 2nd row Humming bird, ruff, pttf^ii, 
twkey 'hrd iow Cock of the rock domestic fowls — Hamburg, flowei bird, Langshan, game, sdkv, Houdan 


In courting the male raises his A\angs to 
form a fan little less impressive than the 
peacock’s famous tail coverts The hundreds 
of eye spots on the wings face the hen in an 
ununnking stare, whilst their uearer peeps 
coyly betueen them to observe the effect he is 
making on the lady 

The largely automatic nature of bird court- 
ship \s'as stnkingly evinced by a captive Argus 
pheasant mated to a hen of a lelated species 
She failed apparently to understand his 
advances, and the bird, after exhausting him- 
self in fi unless endea\ours to please her, finally 
courted a metal feeding pan 

HEN MAKES ADVANCES 

Courtship, usually the male prerogative, finds 
a reversal in the phalarope, a genus oi wading 
and swimming birds related to the snipe 
Larger and handsomer than the cocks, the 
hens do the courting, afterwaids leaving the 
care of the eggs to their male partners Among 
other orders the hen bird will meet her lover 
lialf-vvav’ This is verv noticeable in the almost 
identically dressed sexes of the great crested 


grebe, and also in the fulmar petrel, both 
sexes of this bird charming each other by 
amorously displaying the blue interiors of 
their mouths 

ACCESSORIES TO COURTING 

Feathers by no means exhaust the catalogue 
of bird fincrv' The combs and wattles of 
farmvard cocks and turkevs at once come to 
mind, and these but touch the fringe of mascu- 
line magnificence The love-sick puffin puts 
on a brightly striped ov'^er-beak, suggesting the 
nose of Mr Punch, the king penguin wears 
salmon-coloured shields on his lower beak, and 
the male white pelican mounts upon his upper 
bill a big hoinv comb-like erection as big as 
the palm of one’s hand All these fripperies 
are shed when courting is over, and litter the 
mating grounds as thickly as autumn leav'cs 
m a lane 

Air-sacs, as seen m the praine hen, are con- 
verted to erotic uses bv' manv other birds 
The frigate, or man-o’-war bird of the tropics, 
distends a huge scarlet bladder on its neck 
and a similar organ quite surrounds the 
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S EERRIDGE F Z S (xIOSDULE) 


HELMETED BIRD 

The cassowaiy, like the emu and the ostrich, has an 
ail -sac which adds \olitme to Ins voice 

unlovely neck of the Indian adjutant stork 
In the ostiichj emu and cassowaiy this air-sac 
helps to give the voice volume Lmngstone 
recalls how he once mistook the voice of a 
love-sick ostiich foi the roai of a lion 

In these big ungainly buds the dance is an 
impoitant featuie of courtship, and such high 
kicks aie indulged in that the performer is 
sometimes thioivn upon his back 

CASTANETS OF THE STORKS 
The gieatei is mg poiNCi of the cranes and 
storks impioves then loot pla^, and the storks 
in pai ticular, masters of the pas seal, accompany 
themselves by a deafening castanet solo, 
lendeied by clatteiing the two portions of 
the hoin-co\eied beak togethei isith incredible 
violence and rapiditv 

Conti adictorily enough the tender passion 
finds less poetic expiession amongst the undeni- 
ably moie highly-constituted mammals In 
some the evpiessions of emotion may even, by 
the standaids of civilization, seem actively 
repellent, though such expressions aie often 
not i\atIiout veiy obiious human paiallels 
Voice plavs a big pait in mammalian love- 
making, the lool-concert of the cats bearing 
painful testimony to the fact Many creatures, 
like the deer and porcupine, are virtually mute 


save at mating time, and in some creatui es the 
normal \ ocal organs are enormously aug- 
mented bv special de\aces A male orang-utan, 
for example, -wears a huge pouch upon its 
bieast which gives gieat lesonance to its voice 

All othei animal voices, hoi\e\ei, even the 
lion s roar, are as nothing compared w ith that 
of the Brazilian howler monkey Though no 
largei than a cat it is undoubtedly the most 
vocal of all animals in i elation to size In 
both sexes, but especiallv in the male, the bones 
of the tongue are convei ted into a thin hollow 
shell of bone w hich may be as big as a man’s 
fist Scores of travellei-s ha\e described the 
temfic sounds given out by this amplifier 

SCENT IN COURTSHIP 

Scent is not without its erotic significance 
in oui ow'n species Aluch more so does it 
plav a pai t in animal courtships Scent glands 
may sei\e as w’eapons as do those of the 
skunk, oi to blaze a trail, as foi instance those 
in the hoofs of sheep and antelopes, but in 
many animals aie found special scent glands 
w Inch only make themseh es manifest at pairing 
time 

Such glands are to be found above the eye 
in bull elephants, and behind the head in bull 
camels, and at ceitain seasons exude a thick. 



ADJUTANT STORK 

A huge distensible bladder with a lo\e-inaking 
significance adonis the ugly neck of the long-legged 
and ungainly adjutant stoik 
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LOVE DISCLOSED BY STRIPED BEAKS 

Both male and female puffins have large sharp-pointed bills The love-sick male puts on a biightly stuped 

ovei-beak winch is shed when courting is ovei 


powerfully odorous fluid Even stranger is the 
“ bloody sweat ” of the hippopotamus, often 
responsible for the curious pinkish tint enliven- 
ing the normal drab colouring of the skin 
The amorous bull hippopotamus exudes in great 
quantities this secretion, which dues to form a 
crystalline substance of unknown pioperties 
It is not so long ago since British manhood 
advertised itself in flowing locks, voluminous 
beards, pendant side-whiskeis, and ferocious 
moustaches Several nations still favoui 


such adornments, and the animal world has 
never discarded them In the wild at least, 
where brawn is at a piemium, they stamp the 
male 

Darwin propounded the theoi% that such 
embellishments as the lion’s and baboon’s 
mane, or the bristling beards that cover some 
goats’ frontal portions from chin to breast, 
tveie natural shields to protect the tvearers 
when two males fought to the death foi the 
love of a lady But as we shall see t\hen we 



„ , , , horned and plumed for MATING 

Hic malc nhite pelican grows a large lion,} comb-hke protuberance, as big as I 
the upper bill during the mating season, but it drops off nhen court ir 


palm of one's hand, on 
days are oier. 
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SEIDESSTLCKER BRITISH MLSEUil (nATLRAL HISTORY ) 

ANCIENT AND MODERN 


Above The hippopotamus as it really looks at close 
quarters Below As a medieval artist conceded it 
in a natural history book of the year 1491 

glance at animals m their relation to man, 
some of the most pugnacious creatures are 
entirely innocent of face trimmings 

DESIGNED TO CAPTURE THE EYE 
The general consensus of opimon toda) 
regards such hamness as male insigma designed 
to capture the eye of beauty qmte as much as 
to isuthstand a foe No other explanation can 
be offei ed regarding the onderful moustaches 
of some male maimosets, or the bushy beards 
of certam httle South American monkeys that 


seldom use then teeth on anything but nuts 
The bare patches of \nvid colour often seen on 
various monkeys imdoubtedly tend to the same 
end 

As Muth some buds, many mammals con- 
gregate together in great numbers at courting 
time, and then only Kiphng has painted a 
vivid and accurate picture of this m his fine 
story The IMiite Seal, which tells of ho\s" at 
lutting tune the bull seals gather by hundreds 
on some secluded beach, and there fight out 
them differences, tearing each other’s hides to 
nbbons in the process 

As we ascend the ammal scale we find a 
marked tendency to make lo%e, as does man, 
in secret Ha\nng its well-spnngs m ph\"sio- 
logical processes, it is yet conducted as much 
with the brain as wath the body Pei'sonahty 
tells, more and more The finding and isan- 
mng of a mate invoh es e\ er increasing subtleties 
demed the low er forms of hfe 

MYSTERY OF THE APES 

^Ve still knoiv httle or nothing of tlie home- 
life mystenes and intimacies of our next of 
km, the man-hke apes, but they possibly present 
more features in common i\ith human beha\nour 
than at the moment meets the e\ e An interest- 
ing example w’as offered w’hen the Zoological 
Soaety of London w as seekmg a mate for the 
female chimpanzee i\ho later became the 





MONDIAIX 

SCENT GLANDS OF THE BEAVER 
Many animals have special scent glands which only 
make themsehes manifest at pairing time 
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X Artis JOllS^OS (\MDE UORLD) 

ORANG-UTANS IN A TREE-TOP 


The courtship of imn-hke apes has manv features m common with that of man Most animals t\ill mate 
with aiiv membei of the othei sex, but not so the chimpanzees, who choose then partneis with care 



W S BERPIDCr rz.S (>0 DIALE) 


NOISIEST OF ALL THE MONKEYS 
nice p a\s a large part in tne h\e-making of mammals The Brazilian howler moukei, seen abo\e, has a 
louder \oice than am other animal in relation to size 
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WTDE WORLD 


MAN OF THE WOODS 
The orang-utan lues in Borneo and Sumatra The 
males ha\e a huge tin oat-sac on tin oat and chest 

mother of Jubilee, the first chimpanzee ever 
born "Within the metiopolis 

Foi some time prioi to the mother’s success- 
ful mating suitois had been sought throughout 
the many zoos, public and piivate, both in 
Gieat Britain and abroad, and also from 
vaiious circuses and pet keepeis Boo-boo, the 
eventual mother of Jubilee, i\ould ha^e none 
of them Finally, a middle-aged, but in all ways 
quite undistinguished male chimpanzee, Koko, 
ivas loaned fiom the Clifton Zoo, at Bristol 

CHARM IN A CHIMPANZEE 
■\Vithout any apparent efforts on his part, 
Koko, the inferior of many of the i ejected, at 
once -walked into favour At the time of 
writing he is the only fathei chimpanzee in 
Great Biitam, ^\ith several children to his 
name, scattered up and dov\n the country^’s 
zoos Here then is a clear instance of that 
indefinable quality comprised in the terms 
charm and personality, manifesting itself in an 
ammal whose possession of such many people 
would deny Immeasm ably less pleasing to the 


eye than the eagle, courting in the empyrean 
blue, or the peacock mincing on the la\sTi, 
Koko still knows far more about that force 
w’hich, the poets tell us, makes the w'orld go 
round 

BEHAMOUR IN NATIVE HAUNTS 
Glnmpanzees m their natwe haunts would 
appeal to hav'e anything but a docile nature 
There have been notable v\ ell-behav^ed indi- 
viduals m the various zoological gaidens of the 
v%orld, and the fact that scores of thousands 
of persons hav^e been photographed v\nth young 
chimpanzees in Pets’ Corner at the London 
Zoo IS proof of the docility of the animal before 
it reaches maturity Gases have been known 
in West Africa of these apes killing and devour- 
ing native children It vs as for this reason 
that w'hen a conference on the fauna and flora 
of Afi ica took place m the House of Lords in 
1933, the chimpanzee, at first included in the 
list of animals recommended for the maximum 
of protection, was afforded less immumty 



TOX 


DOG-FACED MONKEYS 
On the posteriors of the baboons are patches of 
haidened skin nhich in some species are brightly 
coloured 
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ONE OF A PHEASANT’S FAMILY OF TWELVE 
Most buds tiy to conceal then nests, and the female is often drably coloured The pheasant builds its 
home on the giotind, and is paitial to a place where theie ate dead lea\es 


HOW ANIMALS MAKE A HOME 


C OURTSHIP IS the natural precursor of 
inairiagc, the making of a home and 
the bunging up of a family To Nature’s 
creatures pf the wild the family is everything, 
the home only of importance in so far as it 
ministers to the family’s needs and ensures 
the futuie of the race Man stands alone in 
taking piidc in the permanence of the structure 
he calls home, and even his piide in this is 
of comparatively recent development Temples 
and tombs in plenty survive as evidence of 
the culture of ancient Egypt, but not a single 
private dwelling 

History shows that the status of the home 
has been in exact latio to national advance- 
ment ^Vc should theicforc not expect to find 
piidc m the home by any means a universal 
Tttiibute of the human lace Morocco chcer- 
lullv' avails itself of wireless and other 
icfinemcnts of civahzation, but in mattcis 
domestic the people stand wheie they did in 
Bible times 

All over the woild one meets tribes that have 
not changed then mode of living since first the 
white man stumbled upon them Of none is 
this moic true than of the numerous nomadic 
laccs 

Sometimes nomadism is the result of choice, 
sometimes of neccssitv The latter applies to 
the Hausas ol the Sudan, fot ever wandering 
fiom one exhausted water supplv to a fresh 
centre of sustenance to the shiftless American 


Indian perpetually m search of game, and to 
certain coastal Esquimos, kept on the move by 
a climate that cramps and ciicumsciibes all 
their activities 

It IS not suipiising to find that man’s nearest 
relatives are similaily given to a nomadic 
existence None of the apes or monkeys has 
any fixed abode They favour ceitain areas, 
but never pitch camp in the same place twice 
The man-hke apes, it is true, build each night 
laft-hke structures of twigs and branches well 
above ground, there to sleep immune from foes, 
but morning finds the place left far behind 
them and utteily forgotten In the case of the 
gorilla, the head of the family or little clan 
sleeps at the tiee foot The puiely arboieal 
orang-utan makes a temporary home even foi 
an aftei noon’s siesta 

Thcie IS even leason for the unstable habits 
of these finest dwellers Living in a land ol 
plentv', with a climate inducive to anvthing 
but work, they hav'e become care-free lotus 
caters, much as hav^e manv' humans in similar 
ciicumstances 

It IS likcl) tint the conception of a home, 
that is, of a structure made bv an animal from 
substances outside itsell, for its protection and 
possibly the shelter of a familv began far dow n 
the animal scale It was a movable residence, 
as casilv’ earned as an Indian’s wigwam The 
first such structures were made b> the minute 
builders of the chalk hills and the creatures 
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whose shells no\\' form the ooze covering vast 
areas of the sea bed These infimtesimally 
small organisms made dtvelhngs of mineral 
substances gathered fiom the surrounding 
■water Such homes are often of exquisite and 
most complex design and infimte vaiiety 

WORMS IN TOYTORS 

A step highei in the scale we meet with homes 
the constiuction of which can be follmved tvith 
comparative ease by means of a simple micro- 
scope Ponds and riveis teem ivith a race of 
creatures tvhich lor ivant of a better assignation 
have been classed as tvoims, and are popularly 
knotvn as lotifeis, or wheel ammalcula, so 
called because haii -fringed structures on the 
creatures’ heads maintain a lapid oscillating 
movement -which produces the illusion of 
rotating wheels 

Often these -wheels are used only to aid 
respiration and to sweep eatables into the 
mouth, but in some species of fixed abode 
the wheels actually assist in the foimation of 
circulai bricks of mmeial matter These are 
placed side by side in rings piled one above 


another, the tvhole is cemented together and 
so gradually forms a tube or tower m tvhich 
the ammal rests secure, at least from foes of 
its own size 

The biickmaker is one of the larger of the 
rotifers, a clan ivhose members vary from 
one-t-v\ entieth to one-five-hundredth of an 
inch m length Feiv unfortunately have popu- 
lar names, but all -who have read Charles 
Kingsley’s I Taler Babies wall remember “ Floscu- 
laria,” the beast tvhich so excited the -wonder 
of the little chimney sweep turned -water 
sprite 

BRICKLAYERS OF THE SHORE 

Among the higher worms tube-building 
becomes very elaborate Hundreds of kinds 
of home-making ivoims infest the seas, and the 
shores of the British Isles abound m examples 
Eveiyone know's the tubes of the peacock 
worm that protrude from the sand at loiv tide, 
suggesting stubble stalks after harvest Just as 
familiar aie the little limy worm tubes encrust- 
ing every blade of weed or dead shell, and the 
honeycomb worm that on some sandy shores 



TUBE BUILDERS 

Among the higher ivorms tiibe-hmldvig is very elaborate Fiom left to light A lotifer, highly iiiagiiified , 
watering-pot shell , various species of marine noims , caddis fly larvce and cases 




— ■ “ ItArOLD CASTII 

STRANGE HOMES OF CADDIS WORMS 

Coses made by caddis worms, the Ian a: of the caddis flv The cases are foimed of \aiious mateiials, 
including freshwater shells, sand, dead leaxes and scraps of driftwood 


laiscs what look like miniature coral reefs, 
strong enough to bear a stranded boat 

An ordinary pocket lens shows that these 
sand tubes are made by superimposing grains 
of sand one upon another in circular tiers, 
like bucks in a toner or factory chimney 
Special structures situated on the worm’s head 
collect the sand pai tides and pass them along 
to the bricklaying organs at a tenific speed 

MOLLUSCAN ARCHITECTURE 
The coiled tubes often seen encrusting 
weeds are built of lime, plastered iihilst soft 
and mixed w itli a cement secreted b) the w orm 
upon the rim of its tube, the dwelling thus 
steadily increasing with the creature’s 
bulk 

Hcie we see the beginnings of that wonderful 
architecture perfected bv sixtv thousand species 
of molluscs liMiig toda\ , and formerh practised 


by many more species now' extinct Special 
glands secrete colouring matter, and this, com- 
bined with the most vaiied architecture, results 
in those lovely forms so noticeable on a seaside 
ramble 

BUILDERS OF AnGHTi" SHELLS 
Since lime is the basis of all molluscan shells, 
land and freshw ater species never produce such 
massne dwellings as do marine molluscs 
Among the lattei pride of place goes to the 
thrcc-feet-long shells of the giant clam of the 
Barriei Reef off the east coast of Australia, 
and the two-feet-long whelk of South Carolina, 
USA, the world’s largest snail 
Lime similarly forms the home of the so-called 
coral insects the tiny' sea anemone-hke creatures 
that build huge stonv reefs throughout tropic 
seas For some reason coral animals, unlike 
molluscs, seem nc\er to ha\c coloni7cd cold 
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INSECT TUNNELLER 
The mole ciicket has de\eIoped shovel-shaped foie 
limbs not unlike those of highei biinowers 

waters to any extent England boasts a single 
native species in the cup coial found fairly 
abundantly off deep water on the south-west 
coast of Devonshire 

All the unwalves — that is one-piece shelled 
molluscs like the v\helk and gaiden snail — aie 
actwe, highly mobile animals In them we 
see beginnings, not meiely of home building, 
but of a homing instinct Maiked limpets 
hav'e been found to letuin repeatedly to the 
same pitch, and apparently use it so persistently 
that the lock is often worn away by friction 
until a shalloiv depiession is formed 

SNAILS COME BACK 

Mark the shell of a garden snail — say with 
one’s initials — and fling the snail over the 
garden wall, it will be found back in its old 
home tivelve hours latei Though it be flung 
over half a dozen gaidens — or as far as one’s 
aim can carrv — the result wall be the same 
Like the proveibial cat, the snail comes 
back 

If the shell suffers damage at the end of one 
of these aeiial journeys the snail is equal to 
the occasion It pours out an extia quantity 
of cement -and repairs the damage, such repaiis 
being obvious enough but still extremely 
serviceable 

All molluscan shells consist of sev'eral layeis, 
and where the lav^eis vary in coloui, as in the 
tropic helmet shells, we get the mateiials for 
cameo cutting The smooth iiidescent mother- 
of-pearl layei lining manv shells, both univalv e 
and b waive, is the basis of all commeicial 
peails, natural oi cultuied Any foreign body 
irritating the ammal is cov ered ov^er with 
mother-of-pearl to prevent friction, much as 
one muffles an obstinate coin wath a piece of 
lamb’s wool The big Roman snail of Eng- 
land’s chalk hills makes a home wathin a home 


when winter comes by tunnelling into the 
ground, much as the piddock clam burrows 
into limestone 

In the jointed ammals, house building 
dev’^elops m a dozen directions Many soft- 
bodied defenceless larv$, like those of the 
common caddis flies, emulate the tube-bmlding 
worms and shell-making moUuscs, though m 
much more clumsy fashion Each species of 
caddis worm larv^a has its particular style of 
architecture Some cover their nakedness with 
sticks placed endwise oi in concentiic layers, 
others use shells, stones and sand The 
mineralogists amongst these insects, if dragged 
from their tubes and put in an aquaiium v\ell 
supplied wath glass beads, produce very' 
startling and picturesque residences 

SHIELD AND CRADLE 

The caddis w orm’s home is at once a present 
shield against foes and a safe cradle m which 
it may tide over that hazardous period spent 
as a helpless chrysalis, awaiting the great change 
into the perfect caddis fly 

Ev^ery' conceivable material has been pressed 
into service by insect ingenuity The bees 
make wax from flower extracts, the wasps 
paper and cardboard from chewed wood, the 
tropical termites raise earth hillocks almost 
defying pick and shovel, and large enough to 
suppoit big trees Silk forms the temporary 
abodes of innumeiable spiders and insect 
laiwie, tunnelling has been perfected by all 
kinds of spiders, insects and ciustacea Some 
tunnelleis, like the burrowing prawns and the 
mole cricket, have dev^eloped shov el-shaped 
fore limbs that bear a stnking lesemblance 
to those of much higher buirowang animals 



IN A BORROWED HOME 
A tiny ciab that has taken up its quarters in the 
accommodating shell of a sea-mussel 
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MESSMATES OF THE OCEAN FLOOR 

1 Hciniit ciab uith anemones and a womi uhich s/iaie the ciab's food 2 Pea crabs, male (M) and 
female if), which shelter in the mussel Ciabs to scale, and enlaiged 3 A tiopical crab that emplo\s 

anemones to catch jood fot it 

such as the ant bear and the various 
moles 

As VC ascend the animal scale, home-making 
inci eases m complcMt), and reaches its grand 
chma\ in the birds, though ahvays and only 
with a family in sight If vc except the bower 
buds, no animal delights in a icsidcncc for its 
oi\n sake The beautilul and intricate struc- 
tuics made by social wasps aie as puiely 
utilitarian as the makeshift icsidcnccs of hermit 
ciabs 

FORTRESSES OE THE CRUSTACEANS 
Those di\ citing crustaceans, so abundant in 
all seas, show a wonderful adaptabihts in the 
choice of bon owed homes Most tuck their 
defenceless rcai poitions into solid uniaahe 
shells (a whelks, for example), but these 
un\ lelding castles need to be constanth changed 
to allow foi the tenant’s giowth \\hen as 
sometimes happens, a big anemone attaches 
Itself to the icsidcncc, it dissoKcs the shell awax 
and encloses the hermit crab in an casx -fitting 
pi otcctix c tunic of unlimited stretching capacitx 


Some species of heimit dehbciatcly dicss them- 
selves in anemones, and one kind finds an 
equally accommodating forticss by tucking 
Itself into the clastic tissues of a sponge 

EISH AS ARCHITECTS 
Home-making amongst animals is usually so 
inextiicably part and paiccl of child welfare 
that hcic we x\ill give out attention mainly' to 
the mere mateiials and their utilization in 
accommodating a family 

Manv fishes aic painstaking architects, and 
often both sexes woik together ibr the gcncial 
weal ^\rasses thus make big ball-shaped 
nests of weed, salmon and trout clear spaces 
in the stream bed with their tails, and the 
lampicxs, male and female, laboriouslv con- 
struct a nuiscrv by remoxang heaxw stones one 
bx one xxath their suctoinl mouths Some- 
times both householders and a fexx neighbours 
join foiccs xshcrc a particularlx' heax-y stone 
IS concerned The American boxxfins make a 
nursery' clearing m a reed bed scxcral yards 
in extent 
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KINGFISHER’S RETREAT 
Legend had it that the nests of kingfishets floated 
on watei They aie in a hole in a bank 

In Great Bntain at least the frog t\all nevei 
earn a reputation for tendei motherhood 
She light-heartedly dumps some hundreds of 
eggs in the neaiest water and theie the matter 
ends so far as she is concerned Sometimes 
all goes well, but sometimes the ivater supply 
fights a losing match against a hot sun, and 
the eggs are dried up before they can hatch 
Even the toad, though trekking at infinite 
pains year after year to the same ancestral 
pond, thinlcs no moie of its rosary-hke stnngs 
of eggs once they are deposited 

TREE FROG ENGINEERS 
But there are frogs and frogs, and some 
members of this numerous tribe vie ivith the 
birds in care of their young In Japan the 
male and female of a certain tree frog work 
together to make a snug underground nest for 
their spavm conveniently near to a well-filled 
irrigation ditch They dig a tunnel from nest 
to ditch, and when at last the tadpoles emerge, 
they have but to -wriggle dovm the sloping 
rumvay, always constructed at an angle, to 
launch themselves for life 

In Paraguay a wonderful little frog known 


as the wallunnkukk joins forces ^vlth his wife 
to VTap the eggs betiveen tv^o leaves over- 
hanging a pool, so that ivhen they hatch the 
tadpoles are only a step from the ivater ivhich 
is to be their domain Even this is outdone by 
a Brazilian tree frog which makes a ventable 
sivimming pool for its infants by fashiomng a 
basin-shaped structure of mud on the sides of 
a forest pool The mud ivalls are neatly 
patted into position by the parents, and when 
the tadpoles ivnggle clear of their gelatinous 
egg cases they are safe from hungry fish and 
water beetles 

SHARING A HOME 

Judged by human ideals, reptiles are as 
unsatisfactory in their home interests as in 
their love making A few are indifferent bor- 
rowers, the most thoiough in this direction 
being the New Zealand tuatera, a lizard-like 
creature, last survivor of a now extinct 
group 

It makes a burrow some tivo feet long in 
soft earth, digging ivith its strong claws, and 
invanably laying its dozen or so eggs on the 
right-hand side The left side is often allocated 
to a small species of petrel, bird and reptile 
living on good terms For a reptile, the 
tuatera is quite a home lovei, since it remains 
in residence throughout the vhole of the 
incubatory period, a matter of thirteen months 



MONDIALE 


BUILDERS OF MOSSY NESTS 
Humming birds prefer to hovei whde feeding, when 
their wings move at nearly sixty beats a second 
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LITTLE ATTEMPT AT HOME-MAKING 

/( few wisps of glass oi an accumulation of offal and fish scales form the nest of the gull Elaborate 
aichitectuie would be wasted on the wind-swept, spray-di encited edge of a cliff 


Remarkable as is the diversity of birds’ nests, 
certain general principles seem to govern their 
construction In almost all instances the 
builders seem to plav for concealment, and 
there is amongst the more intelligent birds a 
maikcd tendency to build elaborate nests 

Some ostriches dump their eggs in the sand 
like lizards At the opposite end of the scale 
\\c have the ciow-hke bower birds with their 
\sondeiful assembly rooms, and that still 
neaiei relative of the crows, the common 
magpie, mIucIi not only builds a capacious 
nest strong enough to withstand many winters, 
but ev'cn piovndes it with a loof 

FAMILY IN A BOTTLE 

All conceivable matciials may be pressed 
into SCI vice, and the strangest sites are chosen 
A blackbird has been knowm to build a nest 
cntiicly of watch-spiings, a tom-tit to bring 
up a laigc and clamoious family in a gingei 
bcci bottle, an old boot, oi i discarded kettle 
Only where w'cathcr or other conditions wmuld 
mike nesting a thankless task is theic little 
attempt It home-making The gulls and 
11701 bills on the wind-swept, spiav -drenched 
dill edge would be wasting cncigy on elaborate 
iichitcctuie, and so i few' wisps of giass at 
most, oi an accumulation of offal and fish 
scales makes cradle enough for their hardy 
bloods 

Bun owing birds there arc in plenty as 
witness the sheld duck and the puffin The 
Argentine oven birds excel swallows as 
plasterers T.lic\ build rclativcK immense 


structures, v’ery like old-fashioned earth ovens, 
placed in the most exposed situations, ns on 
the top of a post or lock, whcie the sun bakes 
the material iron hard, and makes the oven a 
dilficult object to break open 

IMMUNE FROM ENEMIES 

The hornbills of Africa and Asia use clay 
to w'all up the hen bird aftei she has clambeicd 
into a hollow tree trunk by vvay of a con- 
venient hole The orifice is reduced by means 
of clay until only a space big enough for the 
passage of food is left Here the willing 
pnsonei remains, fed by her mate and immune 
from snakes and monkeys until the eggs aic 
hatched and the fledgelings big enough to take 
caie of themsclv'cs The so-called edible swal- 
low of China, lacking clay, supplies its own 
cement in the form of a glutinous saliva, 
making with this and its own feathers a basin- 
likc cradle on the face of a cliff 

As one might expect, home-making reaches 
a high pitch of pcifcction among aiboical 
birds, which must often use ingcnuilv not only 
in finding nesting materials but also in securely 
fastening the home amid the wind-rockcd 
foliage A triumph in this direction is achieved 
by the little Indian tailor bird, a species of 
w-aiblcr, which actuallv sews pendant leaves 
together wath fibies, and in the cup so formed 
makes a nest proper of hair down, lichens and 
grasses 

An cv'c for colour as well as for qualitv' of 
nesting materials is very apparent amongst 
such perching birds as orioles During the 
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\MDE WORLD 


WALLED UP BY HER MATE 
The hoiiibil/s of Afnca and Asia use day to )i«// up 
the hen bud yihen a hole has been found m a tree 
trunk The opening is made smaller bv means of 
day until onlv a space big enough for the passage 
of food IS left Heie the hen leniams until the 
eggs are hatched and the buds leadv to flv 


past ten years a wonderful senes of expen- 
ments ha\e been carried out at the lamous 
Thiee Brooks IVild Life Sanctuars near 
Roxbuigh, Connecticut, USA The chief 
subjects of experiment have been orioles, buds 
which noimallv tend to build with stiips of 
vegetable fibi e, bark, scraps of vine, and so on 

BIRDS THAT LIKE BLUE 

During the first eight years of offenng the 
birds unusual materials, such as cotton, horse- 
liaii, and afterwards, colouied w'ools, the birds 
weie chaiy' of such innoiations But at last 
thev took so kindly to the suggestions that thei 
used nothing else, and pioduced nests of 
immense size and astomshing design Late in 
the senes of experiments othei birds were 
appaiently so struck by the rainbow -hued 
edifices of the orioles that the) followed 
suit 

So heie m this sanctuar)’^ are orioles with 
football-sized nests of flaring mauve, white and 
orange varn, waxwings with scarlet nui series, 
and king buds bunging up their babies amongst 
festoons of white cloth Some birds acquired 
such a hking for blue that after intioducing a 
few' blue i ibands into the general colour scheme 
of their nests, they elected m succeeding seasons 
to bmld iMth nothing else Some of these 
nests gloised like orchids 

INGENIOUS NTST BUILDING 

One might continue almost mdefimtely hsting 
the vaiieties of pei clung buds’ nests, and the 
deinces to make them and their fi agile con- 
tents enemy proof The helplessness of tlie 
young is the gieatest of all incentnes to ingeni- 
ous nest building E\en when, as m the case 
of the common spaiiow, seieial bioods may 
be produced in a \ear, the family is always 
smallei than in ground-building D’pes, wluch 



NESTS FASHIONED OF LEAVES 

Left The nest of a Brazilian ft og Centre The Indian tailor bird, which weirs' pendant leaies together y\itli 
fibies, and in them builds a nest Right A tropical ant that uses its lance as shuttles 



THE ANIMAL KINGDOM 


159 



STORKS DO NOT LIKE CHANGING HOUSE 
A stotk leluritiiig to its nest, mIiicIi is iisiialh on the top oj a biiilciiiig Built of sticks, the bird uses the 
same home e\er} )ear and adds a few more tmgs and branches to the stiiictiirc 


produce self-helpful young not so much in 
need of protection 

Some humming birds bind their mossy nests 
together with spiders’ silk and hang them at 
the extreme tip of a leaf The hone) eaters 
Inng their soup-tuieen-shaped nests bv both 
ends fiom a bianch too slender to beai c\en 
a snake The weaxer buds and others find 
safeu in numbcis and build huge communal 
nests accommodating dozens of families, which 
unite to mob a common foe or give each other 
x\aining x\hcn dangei threatens 

PROOF AG MNST NEST RAIDERS 

The desert wrens of Atizona build homes in 
the fitsln stems of the big candelabra cacti, 
nightmare plants so denseh clothed x\ith 
needlc-hke spines as to daunt the hardiest 
bird-nester 

The hoatzin of Brazil alwavs builds its nest 
upon a tree branch oxerhanging a stream 
There is a reason foi this The fledgeling 
hoatzin can, almost from the first, scramble 
about the branches xxith beak, feet and xxing 
fingers But in Brazil danger in the form of 


monkeys or tree snakes ma) tin eaten from 
aboxe If this happens the babx hoatzin cheer- 
fully takes a header into the xxater and strikes 
out xxath all four limbs together, using a stroke 
very like the crax\l 

NEST TWENTY FEET HIGH 

The lemarkable homing instinct, so apparent 
in maiw migratorx birds, often leads birds to 
repair an old nest and use it season after 
season Mr Cherrx' Kearton has recorded an 
instance of osprexs or fish haxxks xasiting the 
same nest for so many xears in succession that 
the pile of sticks and fish offal of xs hich it x\ as 
composed ex entually reached a height of tx\ entx' 
feet It might haxc toxxcred ex-^en bexond this 
but that It became lop-sided and collapsed m 
a gale 

Compared xxath these xxonderful structures 
of the feathered xxorld, mammalian homes arc 
somexxhat disappointing The carnixora are 
chicflx content to select a caxe or a clearing 
in dense scrub for the shelter of their xoung 
A fexx of the smaller species show ingenuity' 
m the art of burroxxing, notably the moles. 


160 


THE ANIMAL KINGDOM 


ant bears, and tlie rodents The badger has 
little to learn in this legard Some yeais ago 
a road collapsed as the result of two badgers 
driving tiieir earth beneath it At one point 
they had dug do\m tliiough tlie solid chalk, 
full of large and shaip flints, to a depth of 
eighteen feet 

Small ivondei that tlie fox is often glad to 
avail himself of tins ready-made accommoda- 
tion, tlie badger seermng to offer little resent- 
ment Many bunoiiei-s line their innermost 



The t)iie bemer is the laigest European aquatic 
lodeiit His scalv tail has almost become a fin 


sleeping chambeis wtli diied grass, even vhen 
no family is in evidence, and shoiv a ceitain 
ciude sense of hvgiene At the 'Whipsnade 
quaiteis of the London Zoological Society the 
praiiie marmots can be seen eveiv autumn 
drjnng freshly-cut hay foi tlieir winter quaiters, 
and they peiiodically take ad\antage of a fine 
day to give this rough upholstery an an mg, 
or even reneiv it altogether in hen it has become 
fouled past enduiance 

Many sqmirels and a feis^ of the smaller 
lemurs make nests almost %vorthy of a bird’s 
best efforts The sqmrrel shoi\s consideiable 
foietliought in pro\ading U\o exits, -^sath a %aeiv 
to effecting an escape at short notice 
The beaver stands in a class by itself among 
mammals as a home-maker, and has given 
nse to innunierable Indian legends as ivdl as 


lughly-coloured but inaccurate accounts in 
early natural history books 
The beaver forms pools m ^vhlch to place 
Its lodge and food stores, but not from any 
real appieciation of vatei finding its oira level 
It simply digs and digs until the stream it is 
seeking to divert at last runs the wav it is 
reqmred to go 

BEARS THAT NEVER COME 
Innumerable instances can be quoted of the 
beaver being hoist ^\nth its oim petard as a 
result of not fully appreciatmg the forces it is 
seeking to harness It is true that it often fells 
a tree so that it falls convemently for bark 
stiipping, but the tiee sometimes jams among 
other trees, and tliere are instances of beavers 
being ciushed thiough the faU of a tree 
Beaveis have h\ed in a wold “natural” 
sanctuary at Horsham, in Sussex, for forty 
yeais oi so, but they still keep on the alert for 
the beai and "wolveiine that ne\er come, and 
feveiislily pro\ude bark against each ^\^nter 
despite ample rations of all tlie foods they like 
best Neither voU storms nor floods induce 
them to forsake their ivater-logged lodges for 
comfortable sleeping boxes Their natural 
sleeping chambers are dug deep in the lake s 
bank, just abo\e water level, with tivo exits, 
one abo\e, the other below isater level 
PLUGGED \^Tm CLAY 
One of the most ingenious of mammalian 
homes is that made by the aquatic duck mole 
of Austraha, a beast w'hich after all has more 
in common watli birds than any other mammal 
Its burrow shows more ingenuity tlian that of 
e\en a mole, foi on retiring to rest it plugs 
the way in \\ith a ^\ad of stiff clay Apart 
fiom the ingenious spiing door of the tropical 
tiapdooi spider, the aveiage animal can think 
of no better device foi excluding unwelcome 
callers than to fill the entiance to its home inth 
a spine-coveied head oi an exaggerated claw 
As for the beam that fail to eventuate, the 
black vaiiety is paiticularly paitial to the 
neighbouihood of a fallen tiee ^Vlth its 
powerful claws it digs a hole sufiiciendy laige 
to accommodate its bulkv bodv, the trunk 
foimmg a kind of loof winch is also a measure 
of pi otection against enemies If the timber is 
massive the ammal 'wall hunt for a hollow tiee 
and make itself as comfortable as a mght 
w'atchman m Ins hut The female polar beai 
usually chooses a natural ice cave in ivhich to 
lear her family 
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"NURSING” FATHER OF THE PIPE FISH FAMILY 
Two flaps of skm on the imdei -surface of the wale pipe fish fold one upon the otbei tofoim a pouch In tins the 
female deposits the eggs The pipe fish is a \eiy attenuated \ersion oj the famous sea horse 

BRINGING UP A FAMILY 


T he quality of mother love oi parental 
devotion in animals is decided largely 
by the number of progeny Anything like 
individual attention, or indeed concern of 
any kind, t\ould scarcely be practicable in 
animals like the ling or the turtle, mIiicIi count 
their families in multitudes In the case of a 
communal insect, the mother, or queen, is a 
mere egg-laying machine, and her brood, 
numerous as the sands of the sea shore, is 
tended by a horde of neuti al nurses, as passion- 
less and mechanical m then ministrations as 
the robot-like El-ivoraen of Scandinavian 
legend 

Parental devotion might be assumed to reach 
a high standard in many mammals, birds, and 
fishes, if judged onl) by the pains taken to make 
a nurseiy, some examples of which have been 
outlined m the pre\ious section Devotion to 
toung, ho\sc\cr, is largely a mattei of intel- 
ligence, and some of the world’s most devoted 
animal mothers are creatures having little 
need or inclination to found an elaborate 
home 

Apes and monkeys, the most feckless and 
indiffeicnt of home-makers, arc not far behind 
oui own species as nurses Long after the 
infant has been weaned thet test c\cr) mouth- 
ful of food bclorc allowing the baby to swallow 
It Thev also show wonderful patience in 
supervising baby’s early attempts at climbing, 
lending ihcir tails for the puiposc Not that 
foolish indulgence is the rule in monkc> circles 

e 


A somew'hat spartan discipline goes hand m 
hand with mateinal tenderness, and where 
correction is deemed necessary the firm right 
hand is never spared Bats similarly nurse 
their small families, and so do most of the 
rodents and the carnivora 

All who have seen it must have been 
impressed by the sight of a lioness inculcating 
the fiist pnnciples of hunting by letting her 
culls v\ori'y her tail tip In the wild such 
lessons would be carried further by the bring- 
ing home of some small animal sufficiently 
maimed to give the family practice m the use 
of their w capons Similar behaviour marks the 
family life of most birds of picy 

Large numbers of )oung mammals and birds 
pass through a rigorous schooling The goat’s 
kids find their mountain legs by staggering up 
and down the recumbent mother, the sea 
hon launches its youngster on the water, often 
when the little one is very loath to take the 
first plunge Recent observers have given 
graphic accounts of how the golden eagle 
induces its >oung first to trust themselv’cs to 
their wings, cv'en dropping pieces of food m 
mid ail, but within distance of the nest upon 
the cliff face, and so tempting the youngster 
to leap into the void 

IVhilst manv birds’ nests become incredibly 
foul as the droppings oi the brood accumulate, 
sea birds and some birds of prev remove such 
waste matters or coax the infants to deposit 
them hvgiemcally over the edge of the nest, 
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thus sho'wang apparently some grasp of the 
rudiments of samtation 

In our oim species parental sohcitude demed 
its natural outlets may find a substitute in 
adoption, or e\en in the keeping of pets A 
similar state of affairs obtains i\'ith many of 
the higher ammals. Recent obsen^ations of the 
gull have shoim hoiv bhndly the bud wall 
brood on almost anytlung once it has con- 
ceived the desire to sit It i\'ill accept a ball, 
or even a tin box, if robbed of its eggs ^Ve 



NIGHT MONKEY OF GUIANA 
Long aftei the infant monkey has been weaned its 
mothei tests every mouthful of food 


all know the readiness wath ^vhlch the domestic 
hen A\aU accept a china substitute The 
changehng w'hich the cuckoo so successfully 
foists upon its dupes is another classical example 
that IS "worthy of note 

In the bud market at Singapore, Mr Walter 
Goodfellow', the famous collector, sa"\v huge 
consignments of the popular Java sparro"w 
cooped together in one cage With each batch 
of some fifty nesthngs there "^vould be one or 
t'U'o adults, and these, when food "was placed 
m the cage, literally w'ore themselves out 
dispensing it to the young wath such devotion 
that the supply "^s^as exhausted long before they 
gave a thought to their oisai needs In the 
Antarctic, an orphaned pengmn chick is often 
literally kdled by kindness by the joint efforts 


of a host of self-appointed foster parents, and 
an orphaned egg is invariably smashed beh\ een 
the i\ould-be mothers, each detenmned to sit 
upon it 

From tune to time the illustrated press bnngs 
to our notice a cat brooding duckhngs, or a 
ferret mothering rabbits. In menagenes it is 
ver)' customar)' to hand a batch of lion cubs 
w'hich have been born to a sickly or indifferent 
mother to the care of some matronly retriever 
or collie The cubs seldom fad to thrive under 
such cucumstances 

SHEEPDOG AS LION’S FOSTER MOTHER 

An extraordinary case occurred many years 
ago at the Sydney Zoo ^vhen a hon cub is'as 
alloi\ed to remain ^\^th its foster mother, a 
mongrel sheepdog, untd it had reached full 
hon’s estate So complete -was the dominance 
of its nurse that the hon, w'hich coidd hav e 
effaced her wath one tap from its paw', had 
eventually to be removed to ensure that it got 
its proper amount of food 

Records of the Anthropological Society in 
India show that the story of Romulus and 
Remus being suckled by a ^volf^vas undoubtedly 
based upon actual fact, though the wolf-reared 
children of reahty grow up into an)dhmg but 
woodland godlings Such children indeed 
seldom suixnve for long when attempts are 
made at theu reclamation to ordmary w^ays of 
life 


“NURSING” FATHERS 
In glancing at the vanous ^vays m which 
animals make a home, it was noticed that the 
work ivas generally shared by both parents, 
but that responsibdity for the faimly usually 
devolved upon the female There are many 
cases in "which the natural order is reversed 
For reasons w^hich are often obscure, responsi- 
bility for the future of the race, apart firom the 
actual deposition of the eggs, is left to the 
male The “ nursing ” father is an estabhshed 
institution in many "widely different classes of 
animals 

Among mammals it is customary’" for father 
to bethink himself of bachelor joys as soon as 
the faimly appears Unless he volunteers to 
walk out, the mother, knoiving his irritable 
temperament, as often as not deserts him for 
the time being, in order to bring forth and 
nurse her young m peace 

Only one mammal apparently reverses this 
order The male marmoset would seem to be 
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ENORMOUS NEST OF THE AUSTRALIAN BRUSH TURKEY 
The one oj moic hens of a biiisli iinkey household usually rest or hunt fo! food, whilst the cock laises a mound 
of impiessne size The hen oi hens deposit eggs within the mound 


the partnei of a frivolous ^vlfe, for he at once 
holds the baby as soon as it is born, handing 
it ovei to his partner only when its nourish- 
ment makes this imperative Her duties hav- 
ing been very perfunctorily performed, she 
leturns with all speed to more congemal 
employments 

MALE MARMOSET’S CHARGE 
The father’s job meantime is no sinecure 
Laden like a immature Sinbad, he toils about 
the tree branches bearing his precious burden, 
until its bulk and exuberant vitality must make 
its final relinquishment a very' real relief 
A whole group ol nursing fathers is proi ided 
by the ostrich tribe, nursery' duties lying ^\lth 
the cock bird in the ostriches proper, the rheas, 
emus, cassowaries, kiwns and tmamous The 
male ostnch may be called upon to take charge 
of as many as thii ty eggs, and the emu nearly 
a score 


The South American cock ostrich or rhea 
appears to have its limits of endurance and 
w'lllingness to be imposed upon The ladies 
queue up to the saucer-shaped hollow in the 
sand Avhich seiwes as a nest, and proceed to 
dump their eggs under the watchful ey'c ol 
the nurse-to-be ^Vhen he decides that the 
nest IS filled to capacity he intimates as much 
by kicking and pecking the still laden hens 
until they w'ander away disconsolate Later 
the plain is strew'n with orphaned eggs, and 
there they' stay until cleared a^^ay by' wild 
dogs or ivandering gauchos 

INCUB \TED BY THE SUN 
The ostrich’s i\mgs, so impracticable for 
flight, are of great use w'hen it comes to co\ cr- 
ing a score or so of eggs each equal m size to 
two dozen of the domestic fowl’s The cock 
bud subsides amongst his furbelow «, like a 
sc% enteenth-centurt' lady amongst her hooped 
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skirts, and so stays for about forty da-j-s, the 
hens only under tlie rarest circumstances offer- 
ing relief In exceptionally hot localities the 
cock merely co\ers the eggs i\-ith sand, and 
mounting guard over them, lea\es the actual 
\\ork of incubation to the sun 

With the evolutionaiy chain in mind, tlie 
ostrich’s ^vay of sometimes lea\mg eggs to 
hatch by the heat of the sun recalls the metliods 
employed by most Inang reptiles, the last 
representatn es of the forerunners of the hirds 
Tlus reptihan trait finds its highest expression 
amongst birds in the remarkable brush turkeys 
of Australia 

These birds are not unhke the farmyard 



attends to them until the tadpoles arm e 

gobbler in general appearance, particularly 
the cock birds, \vho display resplendent v attles 
(fleshy lobes under the thioat) in tlie nesting 
season The one or more hens of a brush 
turkey household usually rest or hunt for food, 
\vhilst the cock by kicking leaves and rubbish 
back\\'aids ^vlth his enoimous feet, raises a 
mound of impressive size ^Vhere several birds 
combine to make a communal mound, and 
build upon the same site several years in suc- 
cession, it may measure one hundred and fifty 
feet m circumference, and be higher than a 
man The efforts of a single bud ■wall some- 
times amount to as much as five tons of rubbish 
■ssorked up into a compact pile The ground 
round such an edifice looks as thousrh it had 
heen scoured with a \acuum cleaner 

Within this mound the hen or hens deposit 
eggs, usually arranged m concentric tiers 
There they' lemain for se\eral weeks, the cock 


from time to time testing the mound’s tempera- 
ture bv thrusting in his bare neck, and adding 
or removing debris as he deems adMsable 
The infant biush tmkeys are extraordmanly 
piecocious e\en foi the young of ground- 
dw'elling buds Thev scramble their ^\av to 
freedom, and aie able to scratch for a Imng 
and e\en to use their "wangs as soon as the\ 
gam tlie light 

This reptilian mode of incubation brings its 
owm difficulties The snug mound commends 
itself to certain huge lizards knowm as momtors, 
and they' hasten to deposit their own eggs in 
the nest so conveniently' proiided for them 
The lizard eggs hatch qmcker than do those 
of the buds, and the y'oung reptiles make tlieir 
fiist meals of embry'o brush turkey 

CARRIED IN A POUCH 
There are some paragon nursing fathers 
amongst the frogs One, a imnute species 
from Chile, known as Darwan’s frog, si\alloi\’s 
the eggs as fast as laid by his spouse and tucks 
tliem into a pouch beneath his throat The 
eggs hatch, and the tadpoles feeding on their 
y'olk sacs soon reqmre more accommodation 
Comeniendy' the pouch spreads, first dowai 
the underside of father’s face, then along his 
sides, until it nearly co\ers his enfate body 
He IS practically a ^valkmg nursery', and so 
remains until the last of his fifteen or so children 
ha^ e emerged as fully formed froglets 

A common continental amphibian is the 
w'ell-named midi\'ife toad The male gathers 
the eggs, w'hich are laid m long strings, winds 
them round his hind legs, and thus fettered 
struggles slo^vly to some underground retreat 
At mght he cautiously creeps forth and moistens 
the eggs in a convement pond, or failing this 
bathes them in deiv Thus he continues until 
instinct tells him that the eggs are nearly' ready 
to hatch, w'hen he hurries to the nearest -water 
and releases a sivarm of tadpoles 

CANNIBALISTIC MOTHER 
A canmbahstic mother would seem to explain 
the nursing father amongst many' of tlie loi\ er 
veitebrates If the male giant Japanese sala- 
mander, for example, did not take charge of 
the stiings of eggs laid by' his partner, they 
r\ould qmckly be devoured by her 

In the long list of nursing fathers among 
fish can be numbered tlie little stickleback, 
already' noticed amongst the nest builders 
This fish, i\hich abounds m ponds and ditches. 
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DORIES LElCn 


FIRST AND LAST STAGES OF A BEAUTIFUL MOTH 
This iiiwiiial pliotogiaph shows the Pwmethea moth depositing its eggs upon the beautiful Lady's Slipper 
Pairing takes place in the an, and the female usaallv dies soon aftei the eggs are laid 


IS wonderfully adaptable It thrives also m 
brackish and in salt water, using w'hatever 
maternl is in season for its home-making 
r IVhcn turning the boulders in search of shcil- 
^ fish, one often comes on hard clusters of beady 
^ objects of vaiiablc hue, white, pinkish or green 
Hiese aie the eggs of gobies, or the little 
bullheads, and the male fish is usually to be 
found in the vicinity, putting a bold face on 
r' whatever odds may be against him in the 

' defence of the eggs The buttcifly blenny and 

.V the butter gunnel, or nine eyes, generally tuck 

i their eggs safely w ithin an empty shell, blocking 

' the entrance w ith tlien ow n persons, and glaring 

defiance at all comers 
Low down in the tide range during spring 
one meets the male lump sucker, a heav) 
^ dump\ fish ill-fiitcd for swimming, but chng- 
i ing tightly to any anchorage b% means of a 


big elliptical sucking disc upon its breast 
This creature, whose brooding habits have 
earned it the name of hen fish, endeavours 
to keep fi ee from harm some one hundred and 
thirty thousand eggs It is a losing fight, for 
other fish, crabs and whelks take their toll 
from below early spnng gales dislodge masses 
of eggs from the rock cianny sheltering them, 
and sea buds attracted by the spoil in all 
probability also lay siege 
In the long bony pipe fish which always 
forms part of the shrimper’s catch, nursing 
fatherhood reaches its peak The pipe fish is 
simply a very' attenuated \ ersion of the famous 
sea horse, and broods the young m precisely 
the same manner Two flaps of skin on the 
male’s under-surface fold one upon the other 
to form a pouch and in this the female deposits 
the eggs A unique feature of this pouch is 
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that it develops at this season a spongy hning, 
nchly supplied tvith blood vessels, the eggs 
become partly embedded in this, and apparently 
draw nourishment therefrom, as do embryo 
mammals from the placenta 

Sea horse and pipe fish certainly need a 
good stait m life, for they are the feeblest of 
swammeis They are largely passive travellers, 
chngmg by their prehensile tails to drifting 
iveeds, and so wandenng ivithout a course or 
means of directing one, at the mercy of winds 
and cmTents It tvould appeal to be a very 
precarious existence 

ALMOST WITHOUT A BODY 
Also in the shrimper’s catch occurs the little 
crustacean knoivn as a sea spider, a creature 
virtually mthout a body, foi the internal organs 
are largely distributed through the basal seg- 
ments of the exaggerated legs In summer one 
finds the male of the sea spider carrying a little 
bag contaimng the eggs He carries the bundle 


Math him as he creeps about the rocks, plunging 
his long curved beak into sea anemones 

Worms might be regarded as the least likely 
to evince any parental care Certain marine 
bnstle worms, hoivever, display something very 
like it, and again the male is the responsible 
party 

LIFE MEANS DEATH 

On the shores of the Enghsh Channel lives 
a ivorm much prized by fishermen as bait, and 
not unhke the cat worm sold m fishing-tackle 
shops Male and female share a tube made of 
sand, and when the female has laid her eggs, 
the male incubates them by causing a stream 
of water to pass continuously over them by 
rh^'thmic undulations of his body The mother, 
having discharged the eggs, is so is^eakened as 
to be a mere encumbrance, so her practical 
helpmate philosoplucally devours her To her 
the new life means death, but to him a 
presumably excellent meal 
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LARGE ANIMALS LIVE LONGER THAN SMALL ONES 
There is relationship beti'- eeii longevity and size The larger machine usually takes longer to it ear out than does 
the smaller one Oxen, gnen good conditions, Ine about fortv } eai s 


DURATION OF LIFE 


W HATEVER the nature of the animal — 
man, mouse or amoeba — it is travelling 
to a goal of some kind, and the time it takes to 
run Its coui-se is always a matter of interest 
Often the age limit of an ammal may be of 
direct economic importance If, for example, 
^\e knew the potential life spans of the various 
hales their conscn'ation might be an easier 
matter At present, legislation on their 
behalf must perforce be founded largely on 
assumptions 

Save here domestic creatures arc concerned, 
exact knoM ledge of any particular animal’s life 
span IS hard to obtain Major Stanley Flower 
and Sir Peter Chalmers Mitchell have amassed 
elaboiatc statistics of ammal longe\ity based 
upon observation of captive specimens But as 
tlie autliors point out, such figures give com- 
paratively httle or no indication of the same 
ammal’s potential longevity under natural 
conditions 

Once a creature comes under human super- 
vision It IS sheltered from natural enemies, 
drouglit, famine and a hundred other dangers, 
as well as from ailments vvhicli might tend to 


shorten its careei under noimal conditions 
Even so, such figures cast an intciesting hght 
on animal viabihty, as the life span is called, 
at the same time dispelhng many popular 
illusions regarding the length of hfe of such 
aramals as tlie rav'en, donkey and carp, 
which tradition has erroneously invested vvath 
Mcthusclah-likc longcvaty' 

In the first place, tlie longest-lived ammal, 
regarded as a species and not as an isolated 
exception, is probably man, if we disregard for 
the moment the dwindhng race of giant 
tortoises Apart from wars and other disasters, 
the average man of today enjoys far better 
chances of attaining to a npe old age than did 
his forbears of even a century' ago Improved 
sanitation, an increasing appreciation of the 
v'alue of sunlight, fresh air and good food, and 
the wonderftil advances made m medicine all 
tend to prolong life, and before very' long 
perhaps the centenanan wall cease to be an 
interesting cunosity 

Tlie figures gathered to date tend to show 
that tliere is a marked correlation between 
longevity and size The larger machme takes 
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FOX 


GORILLA AT HOME 

For their size the man-like apes aie piobably the 
longest-lived mammals next to ourselves 

longer to ^vear out than does the smaller one 
Amongst mammals, statistics seem to show that 
vegetarian or mixed feeders wear out more 
gradually than do carnivores or flesh eaters, 
though it must be admitted they are obliged 
to spend much more time in feeding, a bigger 
bulk of fuel being required to obtain the same 
amount of power On the other hand, they 
lead less strenuous and hazardous lives than do 
the flesh eaters 

EARLY MATURITY— EARLY DEATH 
For their size the man-hke apes, the gonlla, 
orang-utan and chimpanzee, are very likely the 
longest lived mammals next to ourselves It is 
only recently that we discovered how to keep 
these delicate creatures successfully in confine- 
ment, so that exact information on this point 
is still very fragmentary Chimpanzees and 
orangs have been known to live up to forty 
years in captivity It may well be that, like 


the human beings native to tropical countries, 
they “ burn out ” much faster than do 
the people of the bleak but bracing northern 
hemisphere 

As Ave pass doivn the primate scale, there is a 
marked tendency to mature and die faster m 
accordance with dimimshmg size A common 
rhesus monkey is semle earlier than a baboon, 
and a rhesus can generally be counted upon to 
outlive a marmoset Yet here, as in all things 
else, the exception proves the rule The honey- 
bear or kinkajou of tropic America may live 
for forty years, much longer than any monkey 
of the same size The porcupine ant eater or 
echidna may also live to be over forty, but this 
is one of the lowest of all mammals, and has so 
much in common with reptiles as to be outside 
present considerations of size m relation to 
longevity 

SOMETIMES A CENTENARIAN 

Contrary to popular belief, the elephant does 
not live for centuries and all stones of its extreme 
longevity are of such a hearsay or traditional 
nature as to be at best unconvincing An 
elephant can breed when just turned ten yeais 
old, and though it may occasionally see a 
century out it usually develops signs of semhty 
at about half that age 

The hippopotamus and rhinoceros can breed 
up to forty years of age, and most of the bigger 
grazers and browsers — camels, giraffes, horses, 
oxen, sheep, etc — ^will, given good conditions. 
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FORTY YEARS IN CAPTIVITY 
Chimpanzees have lived foity yeais in captivity 
They piobably die yoiingei in their native haunts 
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PREFERS TO HUNT AT NIGHT 

The rhinoceros can breed up to foity yeais of age It prefers to In e singly or m pairs and to do its hunting for 

food when the heat of the day is over 


live till about forty A camel can be worked 
hard for over thirty years, and there are a few 
donkeys of this age still in harness in our own 
country In the East a donkey’s years seldom 
measure a quarter of a century 

DONKEY’S BURDEN 

This is hardly surpiising, seeing that the 
Oiiennl donkey, though smaller and slighter 
than the Bntish breed, is normally saddled with 
loads that w ould appear stupendous to western 
eyes Theic is a saying m the Near East that 
“ a merchant first makes up his load and then 
goes out to hire an animal to cana"^ it ’ As 
donkeys arc far more numerous in the Near 
East than any other beast of burden, they 
usually haa c to bear the brunt And, a\ hatea er 
the as eight of the load, the eastern mercliant 
invariably adds to it his oasn usually bulky 
person By as ay of consideiation for his pack 
animal, he makes his asafe (or asaacs) asalk ' 

Cats, bears and sea lions maa liae from 
fifteen to forty )ears, according to sire Lions, 
at least in zoological gardens, are easily the 


longest lived of all the cat tribe But taking 
size for size the mammals certainly read an 
eloquent brief for a'egctananism A fruit bat 
half the size of a fox enjoys tasice the fox’s 
age A common inscct-eating bat runs a dead 
heat as'ith the omnivorous mouse or rat, namelv 
taso and a half years Whales, as stated above, 
are largely an unknoasm quantity as regards 
their potential life spans The mystery may 
one day be cleared up, thanks to the recent 
device of marking them asith nickel darts or 
mimaturc harpoons, much as fish arc marked 
wath discs, or birds are ringed 

DIET OF CARRION 

The known age limits of birds discount the 
meat versus vegetables theorj’’ of longevata The 
ostrich, eight feet high and tw o hundred pounds 
in weight, is far behind the vulture, which on 
a diet of camon often lives for nearly half 
a century The raven, popularly supposed to 
outlive the centunes, is, according to the 
authorities of the Tower of London, where 
rav'ens hav e long formed part of the “ garrison,” 
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a very old bird at less than half the viilture’s age at Tnng weigh over five hundred and fifly^ 
Owls and their near relatives the parrots, are pounds each, and one of this eight ran 
probably the longest-hved birds The big eagle safely be estimated to have seen at least two 
oi\l of northern Europe has hved in con- centuries One monster stdl hving on St Helena 
finement for over sixts^-eight years, and there is Lnoisui to have been almost the same size 
are many authentic cases of parrots and cocka- when it ivas a contemporary of Napoleon m 
toos exceeding even tins Parrots not onh his exile In Peterborough Afuseum is the shell 
evince great age in the condition of beak and of a little Grecian garden tortoise which is said 
claiss, and an unbecoming poverty of feathers, to have graced the cathedral close for tivo 
but also by sometimes ghbly using the catch hundred and twenty years 
phrases of a long-departed generation ARCHBISHOP LAUD’S TORTOISE 

REPTILES GROW RAPIDLY Almost as famous is the tortoise once owuied 

Reptdes, akin though they are to heasts and by Archbishop Laud, the shell of m hich is noii"^ 
buds, present entirely different problems as m the hbrary of Lambeth Palace The reptile 
regards their age limits Like amphibians and is reputed to have ambled about the palace 
fishes they tend to groiv veiy rapidly during laivns for one bundled and twenty-three years, 
theu earher years, and then settle doism to and ivas then, as a label attached to the shell 
increase their bulk sloivly but continuously' quaintly sa^'s, “ mortally kdled ” through the 
throughout life Great size is not necessarily curiosity of a gardener ivho dug it out of its 
a criterion of reptdian age, although the umter retreat m order to settle a ivager 
oldest knoum reptiles are usually of impressive regarding tlie creature’s age 
proportions All available figures shoiv forty years to be 

Lord Rotlischild at one time made a cult of a very' npe age for a crocodihan of any' kind, 
giant tortoises Several m his famous museum and much tlie same apphes to giant snakes 
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SOME BEARS ARE OLD AT FIFTEEN 

Bea/s {right) may live from fifteen to foity years, according to size, and piovided they are not confronted by a 
hyena {left) or other enemy who proves the stronger m a contest 
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X-RAY PHOTOGRAPH OF A MOUSE 

The omiuvoiaus mouse runs a dead heat as legaids length of hfe tMth the tat and the common mscct~catmg bat, 

namely rno and a half } ears 


Records of the ages of amphibians show that 
the giant salamander of Japan, \\ Inch i caches 
five feet in length, may live foi lialf a century 
This IS not long in proportion to its size, for 
many newts of only a few inches m length 
have lived in aquaria for more than twenty- 
five years The toad, anothei creature reputed 
to outlive the centuries, is not known to live 
any longer than the common newt 

Possibly many fishermen’s talcs hav'c centred 
round the age as round tlie size of the catch 
A classic example is the story of the rustic 
v\ho claimed to hav^e caught a pike “ centuncs 
old ” because he had found an Elizabethan 
com inside it 

TELLING THE AGE OF A FISH 
Today science leaves no giound for pic- 
tuicsquc assumptions regarding a fish’s age, 
prov’idcd it IS of tlic kind having a hard bony 
skeleton and well-formed scales, features dis- 
tinguishing the bulk of living fishes "Witlun 
the skulls of such fishes are tw o flattened bones, 
often suggesting porcelain, and having clearlv 
marked upon them a senes of concentric nngs 
These so-called cai bones ai c casilv found in 
the ling and bream, being dierc exceptionally 
large 


The rings mark periods of summci grow th, 
and conespond with similai lings marked 
upon the scales Here then aic two icliablc 
age indicators, and they tend to show 
that, as in most animals, gicat size 
implies a correspondingly generous fill of 
}ears 

SHORT-LUTD STICKLEBACKS 
The golden orfc, goldfish, plaice, bow -fin, 
bass, nurror carp, and hahbut liv'c from 
twenty-five to forty years Often some fishes, 
particularly caip, suffer from a fungoid disease 
giving them a spurious “ rime of age ” Skate, 
hernng, pikc-pcrch, bass, trout and the Aus- 
tralian lungfish liv e for fifteen to tw entv years 
All records show that the httlc shore fishes of 
Great Biitain such as blenmes, gobies and 
sticklebacks live foi a few jears only 
Amongst the v arious groups of inv ertebrates, 
life spans so far as the) hav c been ascertainable 
vary considerably Shore crabs kept m 
aquariums have taken three vears to attain 
full size, clianging their shells seventeen times 
in the process A lobster wall change its 
clothes fourteen times in the first three ^cars 
of life, then slow down to half this number 
of changes in tlic next five jears, for shell 
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casting becomes a more difficult 
and exhausting business A\ith 
each successive effort 

A lobster’s eggs hatch out m 
the course of some months 
The eggs of the equally aquatic 
bnne shnmp, so largely used as 
a fish food by aquansts, 'uall 
keep fresh m a peifectly dr^"^ 
condition foi a ^ear at least, 
perhaps much longei Fei\ 
insects sumve more tlian a yeai 
m the matme foim, but many 
may spend yeai-s in the lar\'al 
form, the goat moth and stag 
beetle being familiar examples 

The shelled molluscs like the 
ivhelk and the oyster pro\nde 
tangible records of then ages by 
piling up deposits of mineral 
matter during tlie v'armer 
months ivhen food is abundant, 
and the ammal at its maximum 
of actixnty Any snad or clam 
shell piesents a senes of iidges, 
hnes of groi\'th, each of tvhich 
marks a year’s increase in size 
Again size and longeinty go 
hand in hand, as may be seen in 
qmte a hurried survey of any 
fairly extensive collection of 
shells, ^vhether land, freshivater 
or marine 

Ti\ o factors may serve to mar 
the recoid but both are excep- 
uonal Some desert snails, faced 
i\'ith famine, can sleep through 
a time of scaraty — even though 
it lasts for a year or more 
Again, extensive injury may 
cause the shell to be so patched 
and plastered tliat the onginal 
sculpturing, largely pro\aded 
by the hnes of groivih, is almost 
entirely effaced 

In such soft-bodied creatures 
as sea anemones and coral 
animals the life span vanes 
enormously The tiny bmlders 
of the Great Bamer Reefs and 
atolls may each hve for a few 
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days only The sea firs of 
English iiatei-s, near relatives 
of the reef bmlders, are laigely 
annuals, the mam groiilh d^ang 
m autumn but ensuring next 
year’s supply by disseminating 
eggs 

The sea anemones imght be 
regarded as equally ephemeral, 
but heie a surpnse an aits us 
The exact hrmtations of a sea 
anemone’s life are not known, 
perhaps tliey never noil be 
The oldest aquariums in the 
world, institutions of just under 
half a century’s establishment, 
shelter sea anemones that were 
placed m the tanks on the 
openmg day and have remained 
thei e ever since, groisang slow'ly 
and imperceptibly, as full of 
vigour apparently as is hen first 
pnsed from their native rocks 

An insect’s hfe is short A 
ma)'fly, for instance, is old four 
hours after it has ceased to be 
a pupa, and a dragon-fly lives 
no more than seven is'eeks 
The nsks run by the insect 
w orld are obvious As Prof 
J B S Haldane points out, 
“ A man cormng out of a bath 
carnes isath him a fil m of w'ater 
of about one-fiftieth of an inch 
in tluckness This iveighs about 
a pound ” That is not a serious 
matter to a human being, but 
“ A is^et fly has to lift many 
times Its owm w'eight, and, as 
ever^'one knois's, a fly, once 
is'etted by w'ater or any other 
hqmd, is m a very serious 
position indeed An insect going 
foi a dnnk is in as great danger 
as a man leamng over a preci- 
pice m search of food If a fly 
gets ivet it IS likely to remain 
so imtil it drowms ” 

A short life, it -would seem, 
and by no means necessarily 
a particularly happy one 


A DRAGON-FLY LIVES FOR SEVEN WEEKS 
Reading jiom top. The larva case bieaks Head, back and legs work themselves out The di agon-fly has 
stnpped off the whole of Us former covenng A tentative raising of the wings Fully developed Ready to fly 
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SWIMMING BY HAIRS AND JETS OF WATER 
Top tow Swimming by means of hairs , flagellates, a sperm, lar\al sea snails and an ouster Middle and 
bottom tows Swimming by means of a jet of water, two octopuses and two crajflsh 


MANY MODES OF TRAVEL 


ANIMAL tiavcl of any kind consists in pushing 
body fon\ard by using limbs or their 
counterparts as levers, ishich shove against 
air, caith or avater and so force their owner 
along 

One of the earliest means of locomotion ivas 
by means of fine hairs, or ciha, much like 
those which circulate the lubricating fluids of 
out nasal membranes, and in other pai ts of our 
body Rows of lashing hairs punt millions of 
microscopic oigamsms and even young o>sters 
and sea gooseberries through the water But 
though hairs may be useful enough in setting 
up circulatory cuiients in the vital oigans of 
such bulky creatures as the giant clam, thev 
soon find their limitations as a means of 
locomotion No really big animals mo\c bv 
means of hairs, they rely upon muscles 
Aquatic creatures thrust the fluid behind 
them by all kinds of means JclK -fishes contract 
and expand like an umbrella being shaken free 
of moisture, and so push t)-vemscl\cs fonsard. 


or rather backward, since the mouth is on the 
underside of the jelly-fish’s “ umbiella ” The 
octopus and cuttle fish, although much higher 
animals, also tra\ el backw ard w hen swamming, 
for then they' force the water which thc\ have 
breathed out through a siphon pipe i\ith such 
force as to drive themselves backward at high 
speed It is a blind and blundering method of 
tra\el just like that of a lobster when it uses its 
tail fin, and such travel often leads to a crash 
or other disaster 

The first scmi-\ ertebrates found a better 
means ol progress in their tails, and though 
this mode of tra\cl had its beginnings m the 
worms, or e\en earlier, the vertebrate’s brain 
ga\ e more direction to the force at its command 
The ad\ ent of limbs, as seen in fishes, still left 
most of the work to the tail ^^^lcn such a 
scmi-aquatic creature as an otter or a crocodile 
takes to the water, it plants its limbs close to 
Its sides and then rows itself ahead with the 
tail only 
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WIDE WORLD 


SMALLEST ANTELOPE 
The dtk-dik, found vi East Afiica fiom Abyssinia 
to Tanganyika, is the smallest African antelope 
It stands no mote than tlniteeii inches high at the 
shoulder when fully giown, and is a lotatory 
iitnnei When piessed it can travel at gieat speed 


WTien the conquest of the land was effected 
all quadrupedal creatures fell into two cate- 
gories, the rotatory A\allvers and the diagonal 
walkers The authorities of the Neiv York 
Natural History Museum, by far the most 
w'onderful place of its kind in the ivorld, have 
set up a galler)^ of skeletons in action To 
ensure the accuracy of these mdes of film ivere 
taken of all kinds of ammals runmng Not only 
w'ere they filmed in profile, but also from above, 
the cameraman swanging m a sort of trapeze 
high above the track 

ROTATORY AND DIAGONAL RUNNERS 
The dog IS a rotator)', the horse a diagonal 
runner If a dog starts off -with its left hind 
foot, then the right hind foot strikes the ground 
next, and after that the right fore foot foUow'ed 
by the left fore foot So the feet move roimd and 
round, and at two moments in each stride, 
w'hen the legs are bunched beneath the body, 
and again stretched in full stride, all four are 
completely free of the earth 

Either class of runner may reverse this action 
In the accompanying picture the dog starts off 
wnth the left foot, so his legs move anb-clockwise 
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HOW DOGS RUN 

Dogs belong to the lotataiv school of piogiession At two points (A and B) oj its stiide, the annual is 
coiiipletelv deal of the gioiind This means that when going flat out it spends half the time in the an 

(C) Beginning and end of a stiide 


This, howevci , is a matter of chance He may 
just as likely lead off svith the right leg, followed 
by the left leg, and so on 

The horse moves first the left and then the 
light hind leg, but follows not with the right, 
but the left fore leg A dog is free of the ground 
about one-half of the time when going flat out, 
the horse is in mid-air for about a quarter of 
Its career upon the racing track Dogs, s\olves, 
foxes, deer, elk and antelope arc rotators, 
horses, cosvs, buffalo, goats and bears belong to 
the diagonal school of progression 

RELIEMNG THE STRAIN 

Another thing \shich the suspended camera- 
man revealed uas that a quadruped in action 
tends to spread its hind legs much \Mdcr than 
It docs the fore legs and in this diiection the 
bulldog, caused by fashion to violate all the 
laws of nature, is obliged to make pathetic 
cflbits It IS small uondcr the misshapen 
ammal is soon bloisn 

In achieving the uonderful speeds of uhich 
some quadrupeds arc capable, great strain is 
put upon the muscles and tendons The latter 
arc accordingly fortified by special httle bones 
set in pairs near the vanous foot and hand 
joints These bones arc \artuall> knee caps, and 


the dog has betueen fiftv and sixtv of them 
In our oun fingers and toes such bones aic 
httle largci than wheat giains, but in manx 
mammals they attain to the dimensions of 
hazel nuts 

INSECT MOATDMENT 

To many people insects appeal to sci amble 
along anyhow , but this is by no means the case, 
as can easily be seen if some comcment species, 
such as die common garden beede, has the leg 
tips on one side smeared with blue paint and 
those on the othci wath red Then it becomes 
clear that tx\ o legs on one side and one on the 
other come into action simultaneously, a 
cockroach that is scurrying for shelter, for 
example, is continuously poised upon alter- 
nating tnpods 

The caterpillar, despite its xvorm-hke shape, 
uses Its SLX legs as do perfect insects Their 
action is augmented bv the four claspers at the 
hinder end of the body Caterpillar action 
can be roughly dnided into tx\o groups, die 
straightfonxard xsalk and the loopcr method 
The latter is employed by many larx-a:, notablv 
the xanous stick caterpillars They moxe in 
the manner of leeches, i e , the forw ard portion 
takes a firm hold of the surface to be trax ersed 
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and the hinder part is brought up to meet 
It, forang the ammal’s entire length into a 
loop formation In America such larvze aie 
commonly termed measmes, loopers or 
inchivorms 

The garden ivorm, legless though it is, 
actually punts itself along ivith minute poles or 
hooks, mucli as a snake levers itself along upon 
the sharp edges ot its abdominal scales 

SNAIL THAT HOPS 

Snails appear to glide along -without any 
-visible means of propulsion, but ivhen one 
craisds up a sheet of glass -we can see a succession 
of -waves passing from back to front of the long 
suctorial foot, -which is really taking hold of 
the glass in a series of steps and not all in one 
piece 

On some parts of the coasts of Great Biitam 
IS found a veiy curious sea snail called the 
pelican’s foot Its shell u'as a gieat favourite 
ivath the V ictorian makers of shell-box souvenirs 
This snail, like its near relatives the huge tropic 
fountain shells often seen on cottage mndoiv-sills, 
has such a small foot that gliding is impossible 
Instead it hops and scrambles along in a fashion 
suggestive of a man tr^ang to hurry i\ith his 
legs in a sack and a ix'atchman’s sheltei sti apped 
on his back 


The actual speeds of animals, apart from 
those of the racehorse, greyhound and carrier 
pigeon, have not received the attention they 
deserve The motoi car and aeroplane have 
no-iv made it possible to check them as never 
before, and some interesting records are being 
amassed 

The cheetah, or hunting leopard, of India 
and Africa has lately been trained to chase an 
electric quariy, and the stop ivatch gives the 
speed of this highly cursorial cat as a rmle a 
minute, just tlie speed -which it nas deaded 
some seventy years ago must inevitably cause 
the blood to congeal and the heart to stop if a 
human being travelled — by any means what- 
soever — at such a pace 

CHEETAH OUTDISTANCES GREYHOUND 

The cheetah easily outclasses the greyhound 
and runs ten miles per hour faster than 
Thompson’s gazelle, the ammal which in Afiica 
often supplies it wath a meal Careful timing 
ivith a cai speedometer has shonm the gii affe s 
best pace not to exceed tlnrty-five miles per 
hour, M'hich is also the limit foi the ostrich’s 
spnng or tlie charge of the Cape buffalo The 
elephant and rlunoceros can charge at tnenty- 
five miles per hour, a little more than half the 
a\ erage speed at irhich the Derby is run 



SPENCER ARNOLD 

AMERICAN BISON OR BUFFALO 

Life the horse, the buffalo is a diagonal iitiiiier It moves first the left and then the right hind leg, and 
follows not with the right but with the left foreleg The buffalo has longer legs than ordinary oxen 
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SPEED CHART OF THE ANIMALS 

L\eittuaUy aeroplanes may travel at eight hundred miles per hour This chait sliovs the approximate rates 
oj tiaiel of lauous human and animal champions In many cases the speed is for a short distance onh 


The advent of the submanne naturally 
directed attention to the speeds of fishes Here 
the tunny, a giant mackerel, may wth the 
sword fish claim the w orld’s record A 
thousand pound tunny is estimated to be 
capable of travelling at thiity-five miles per 
hour foi a shoit distance A salmon when 
tciiificd, as upon being hooked, can rush 
thiough the water foi a short time at twenty- 
five miles per hour, a pike fifteen, and a large 
cel at about the same rate 

SPEED LIMITS OF BIRDS 
Much moic research has been expended on 
the speed limits of \anous buds, and the list 
of iccords increases proportionately with the 
general advancement in aerodynamics Tlie 
duck liawk and die eagle arc regarded at the 
moment as the fastest birds on the wang, tlie 
latter having been timed to travel at over one 
hundred and ten miles per liour Tlic falcon’s 
flight IS a record by tradition rather than 
scientific proof Tlic stoop (falling vertically 
through the air) may toucii eighty', but the 


level flight docs not exceed sixty-five miles per 
hour — forty-five miles slower than the eagle 

HALE A MILE A MINUTE 
The hawks, ducks and partridgc-likc buds 
gcncially show an aveiagc speed of forty-five 
miles per houi, and even the relativ'ely clumsv 
hcion can equal this li pursued by a falcon 
The small size of the swallow renders its flight 
deceptive, its normal speed probably docs 
not exceed half a mile a minute 
Some ammals that hav'C become byavords 
for slow ness travel much faster than is generally 
supposed The sloth lives up to its name in the 
tree tops but, rather surprisingly, cuts quite a 
presentable figure in w ater No creature trav el- 
Jmg head downwards two hundred feet perhaps 
abov'c the earth can afford to make a false step 
when the road consists of slippery branches 
and creepers Threading its way amongst 
moss-draped foliage, the sloth docs not cover 
more than fourteen feet a minute, but in the 
Amazon, the waters of which it often crosses 
from one feeding ground to another, it 
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SA\ams at a rate of not far short of t\so miles 
an hour 

Snails are regarded as equal to the sloths in 
hastemng slowly Tins is not true in all cases 
On the coast of tlie Chamiel Islands tliere h\ es 
a big oval-shelled sea snail related to the 
limpet, much prized foi market, and known 



H\ROLD BXSTIN 


GIANT AND DWARF 
An elephant beetle and a lad\bnd, also a beetle 
Beetles appear to spiead four pairs of mngs in flight 

as tlie ormer or ear shell Allomng for tlie 
fact that the ammal generally tra\els under 
water and lubricates its patli witli shme, it 
progresses at the \eTy presentable pace of fi\e 
to sue yards a minute, or about one fifth of a 
mile an hour As the eai shell is only some 
four mches long it no doubt seems to itself 
to move at qmte a dizz)^ speed 

Speed, as iv e all reahze no-wada)^, is not only 
a matter of fine mechanism as regards the 
actual apparatus for movement, but also a 


question of fuel It is very noticeable that aU 
tlie speediest ammals are prodigious eaters, 
othen\Tse tlieir engines could never achieie 
the efforts often demanded of them As regards 
terrestrial ammals at least, v\arm surroundmgs 
rather than cold ones make for fast moi ement 
This is particularly noticeable m cold-blooded 
creatures such as reptiles and insects 

HEAT ENGENDERS ENTRGY 

It can be put to the test by a once popular 
schoolboy sport, the maggot race If tivo 
larv'se of the bloi\’fly are put on a sheet of glass 
restmg upon a tray of hot sand and the hght of 
an electric torch is shone on them, the grubs 
vtU put up qmte a vngorous speed in order to 
escape the hght This simple experiment is, 
of course, best carried out m a dark room 
It v\tJ1 soon be apparent that the course is 
covered much more slois ly as the sand beneath 
it cook, the runners regaimng vagour and 
energy as soon as the sand is brought up to its 
former temperature 

Not much more than thirW years ago a 
London nei\spaper offered T1,000 to anyone 
who made a non-stop flight fiom London to 
Manchester 'W'hen Punch followed with an 
offer of ;^1, 000,000 to anyone who would dig 
doism to Austraha and report by' speaking tube 
on the cricket match, most people ere mchned 
to side with the humorist Shortly afterwards 
.tlie ^1,000 was claimed 

MAN’S CONQUEST OF THE AIR 

^Ve can scarcely' doubt that i\e hav'e seen 
httle more than the birth of man s conquest 
of the air The tnumphs of today' i\'iU probably' 
be v'lewed by' fiitme generations much as ive 
look back upon tlie world-shaking trial run of 
Stephenson’s “ Rocket ” m 1829 In less than 
half a century i\e have made man’s dream of 
flight, as typified in the Greek legend of the 
attempt of Icarus to fli , come true, and hai e 
outstripped the effoits of tlie ammak by 
perhaps sixty' nulhon \ears, if -we count flight 
as dating from the first bird, and possibly' five 
times that period if we aisard the honours to 
tlie insects 

To give the ammak then due, they' achie\ ed 
flight on totally' diffeient hnes from those no-w 
being so sis'ifrly' developed by ourselves 
Though we are still learmng much from the 
mechames of animal flight, it v\as not until 
experimenters abandoned a slav'ish mutation 
of them that they found success The actual 
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FASTEST LAND ANIMAL 

The cheetah or hunting leopaid of India and Africa can tta\cl at a speed of sixty miles an how, thus 
beating T/ioinpsoii's gazelle, winch is often its prey, by ten miles an hour It leaxes the greyhound far behind 


machinery by \vluch avc fly, though intimately 
related to them, is entirely separate from the 
structures it may cany, in animals the 
machinery is necessarily incorporated with the 
animal itsell 

INSECT FLIGHT 

Animal flight has been achieved by two 
sharply defined routes m vertebrates by 
special adaptations of the fore limbs, and in 
invci tebrates by pccuhai outgrowths from 
the body, cntiiely separate from the limbs 
proper 

The very first cfibits at spasmodic ventures 
into the an may have begun witli certain 
minute crustaceans called copepods, or even 
the small molluscs that form the whale food of 
the Aictic seas, but at best such flights can only 
be rcgaidcd as prolonged jumps The insects 
iound a way to leal air command when they 
developed wings 

The full stoiy of insect flight cannot j et be 
told, owing to tiic rauty and fragmentarj' 
natuic of fossil remains It is likely that 
pnmitnc insects may ha\c dc\ eloped special 
outgrowths from three instead of only two 
body segments Some owl moths show hints 
at these cxtia wings in little movable plates 
projecting fiom the first ring or segment of 
the thoia\, ccitain extinct insects that once 
h\cd in the coal forests show similar plates 


Modern beetles appeal to spicad four pairs of 
w’lngs when in flight, but two, though no doubt 
useful as planes, function chiefly as covers for 
the true organs of flight 
Thanks to the insect’s icspiiatoiy svslcm— 
which consists of a complex maze of tubes 
tlirough wluch an is pumped — ^sizc is extremely 
linutcd The largest insect knowm, an extinct 
species of diagon flv, spanned eighteen inches 
across the wangs The Atlas moth of India 
measuics slx inches short of this, and so, 
although the flight of insects may be i datively 
great, it can never compete in actual 
aclucvement wath that of the much larger 
\ ertebrates 

COLD AS A HANDIC/VP 
Long migratoiy flights are quite impossible 
at high altitudes owing to the mabilitv of 
insects to witlistand cold The heavily haired 
bees are exceptional in tins regard, but even 
with tliem fhghts at anv great height arc of 
rare occurrence and short duration 
The insects reached their hmitations of 
achiet ement in the air at a relativdy early date 
in the eartli’s histoiv' But meantime other 
cieaturcs were cndcaiounng to emulate them 
Some ha\e gone far bejond the insects, 
others remain where tiicy began, the merest 
beginners 

Certain small tropic cutde fishes learnt to 
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GREAT WHITE HERON 
Tlie heron is a fairly clumsy bird, but it can flv at 
forty-five miles an hour when pursued by a falcon 

volplcine tlirough the au by means of side 
expansions of the body Avail Later came the 
flymg fishj AMth the shark and dolplun in 
pursmt 

FIRST VERTEBRATES TO FLY 
The flying fishes a\ ere no doubt the first A^erte- 
brates to fly, but of the many A'^ery beautiful 
speaes knoAm none has been able to direct its 
efforts to any appreaable extent All attempts 
aA^ail httle against a smart breeze There is 
a Augorous take-off AAith the tail, a fcA’-erish 
AAinnoAung of the exaggerated breast and anal 
fins for a matter of yards only, and then back 
goes the fish mto the Avater Some dragon 
fish and gurnards of the coral seas, and one 
small fi-eshAvater fish of West Afiica haA^e 
developed on similar hnes, but A\nth indifferent 
success 

These attempts at flight, Avhich haA'^e ended 
m httle more than parachuting, are echpsed by 
those of certain small spiders Aloimting a 
grass stem, one of these spiders lets out several 
strands of silk from its spinnerets, and aAray it 
goes upon the breeze It can lessen speed or 
ahght at aatU by just “ hauhng m the slack ” 
Probably after the fishes had acquired flight 
of a kmd, some tropical frogs adventured in 
like manner Tlie fl>nng frogs of Borneo make 
long hops by spreading the huge As^ebs A\hich 
extend to the extreme tips of theu fingers and 
toes 


The far-eastern jungles, hke eastern seas, 
have dcA’^eloped an unusual number of ammal 
aeronauts In the jungles of Malaya and the 
East Indies are also tiny fl)ang hzards that plane 
by spreading enormous skin-coA^ered expansions 
of theu nbs, and even a tree snake has learnt 
to A^olplane from tree to tree by draAAang m its 
stomacli and comerting itself foi the moment 
into the hkeness of a spht bamboo From the 
same regions also come the largest fl)ing 
mammals, enormous bats, and the so- 
called flpng lemur or cobego, Avhich is 
really a cousin of the shreAs^, but as big as a 
domestic cat ' 

FLYING DRAGONS 

Reptiles learnt to fly once only in theu 
history, diumg the Age of Reptiles, Avhen the 
dinosaurs OASTied the earth The flynng dragons 
or pterodactyls (hterally “ A\ang fingers ”) 
Avere CA^ofred, and contemporaiy' Avath them 
must haA’-e been the ‘ almost birds ” 

The flying hzards, far outnumbering the 
bird-hke pioneers, developed on semi-avian 
hnes They had prominent breast bones for 
tlie attachment of A\ang muscles and, hke buds, 
had holloAv air-filled bones, commumcating no 
doubt, as in the true buds, Asatli the respiratory 
apparatus But the skin-coA’’ered A\angs as ere 
attached to the creature’s httle fingers only, 
leavang the rest of the hand free as a A'^ery useful 
implement for scrambhng about rocks and 
trees, and perhaps for holding and tearing 
food 

The flying lizards A^aiaed in size from that of 
a thrush to monsters Asath a tAs enty-five-feet 
Asang span, more than tAsace that of the condor, 
the largest fl>ang bud They must lias'e 
enjoyed great ascendancy OA’^er all saA'^e the A'^eiy' 
largest and most active earth-bound reptiles, 
but hke these and the fish on As^hich they are 
believed to liaA’^e largely prey^ed, thcA'^ as ere 
cold blooded and the climatic changes Ashich 
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WINGS OF A DOVE 

This photograph, taken in the one-fifty-thousandth 
part of a second, shows a dove gaining altitude 



THL AMMAL KIAGDOM 


ISl 



UOIJI N L* loll I OX 


THE SPEED OF BIRDS 

Abinc Fcinak haMk earning material luth uhich to build her nest Below A bab\ African a anc h mg 
aiiainsi its mother s wing Hawks, like ducks and birds of the partiidge t\pe, show an aierage speed of 
fom-fne miles an hour Despite the fact that much time and money ha\c been spent in research on the 
subject of the speed of birds, no exact statistics arc set aiailable, owins; to the dijficiiUics attendant on 
experiments m tins field Present information indicates that the fastest birds are the duck hawk and the eagle 
The latter has been timed at oxer one hundred and ten miles an hour 
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Jong ago attained the limit of their aerial capacit} 

brought about the sunset of the dinosaui-s 
effaced them also 

The httle archeopter)"v or half-bird, though 
ver)’^ unlike any bird we knoi\ today, had all 
the essentials for life in the tree tops and the air 
It had feathers \\’ith A\hich to face the cold of 
high altitudes, and its ^\•lngs \\ ere built on true 
a\'ian lines Other reptile-birds must ha\ e 
lived befoie it, but their efforts at flight were 
no doubt httle more than desperate flutterings 
to evade. some foe, or exaggerated leaps towards 
some desired object 

RUDDER OF FEATHERS 

In archeopterjoc the “ hand ’ of the wmg 
was more functional than in modem birds, 
save the nesthng hoatzin, and the long lizard- 
like tail wnth a roiv of feathers on each side 
must have been a clumsy steering organ beside 
the neat, extensile rudder of feathers seen in all 
flpng birds today 

As mentioned ^vhen deahng wath the size 
limitations of ammals, the very mechanism of 
bird flight precludes its exponents attaimng to 
beyond a certain iveight and dimensions One 
has only to w^atch various birds take off to 


appreaate the difficulties i\hich present them- 
selves as the h\T.ng fl^ang machine gains 
in bulk 

The crane and the condor, though perfectly 
at ease once the) are fairly launched, engage in 
much cumbrous flapping and strugghng before 
they are ell ai\ ay upon the upper air currents 
In marked contrast is the effortless take-off 
of the sivallow , or even of the ground-dis eUing 
partridge The bird’s breast bone is the key 
to Its oimer’s prowess as an anator 

HIGH SPEED OF BATS 

For lack of the qualities essential to vertebrate 
flight — ^hoUow bones and a coveiing of feathers 
to serve as planes and keep the engine warm — 
no ma mm als hav'e ev^er become complete 
masters of the air \Vere this not so, some of 
the carnivorous bats, hke the fish-eating and 
canmbal bats of South America, might reach 
terrifying proportions As things are, no bats 
can compare wrth the more specialized fl)’ing 
birds They fly adroitly and often at lugh 
speed, but at infimtely greater expenditure of 
energy, and the nature of tlieir diet confines 
the largest species to relativ^ely few and 
restricted areas within the tropic belt 

Like many birds, bats feed while fl)ing They 
must consume an amazmg total of insects, for 
tliey sometimes make an appearance durmg day- 
hght as w ell as at mght "^^arious experimenters 
have endeav’^oured to trace the source of the skill 
w hich enables the ammals to av oid objects durmg 
their flight Oneobservei notes that a long-eared 
bat flew about a room hghted only bv a candle, 
and although various obstacles w ere placed mits 



FOX 

INSECT-WINGS 

The wing-scales of a peacock biitterflv Insects 
found a way to real command of the air when they 
developed wings Their fossil remains are rare 
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FISHES that take TO THE AIR 

Abo\c {top) Tropical marine JlMng fishes skimming the nater , (ie/on) Extinct filing fish. East Jhdian 
dragon fish. South American filing fish, Mediterranean filing gurnard, Congo flung fish Bottom 
Close-up of fly mg fish Its flights arc a matter of y ards only 
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way, it had no difficulty in avoiding them 
Aspirants to the air are not lacking amongst 
mammals, but none, save the bats, have 
progressed beyond the learner stage Otliers 
are at best planers and parachutists 

SQUIRRELS THAT PLANE 
Their planes are expansions of the skin 
covering the ribs, and are attached at either end 
to tlie fore and hind limbs in various ways 
The webs between the fingers which form the 
bat’s ^\'lngs aie either poorly developed, or the 
fingers are so short as to render the ivebs of 
little service even ivhen extending to the roots 
of the nails 

Such Avebs ^\e see in the flying lemur or 
cobego of the Malay Archipelago, a frmt- 
eating msectivore The cobego has all its 
fingers and toes ivell ivebbed, the skin even 
extending in broad flaps to the tip of the tail 
and just behind the chin 

Several rodents, like the flying sqmrrels of 
the Philippine Islands, Borneo and Japan have 
rather smaller planes and allied sqmrrels are 


also found m North America, Eastern Europe 
and Siberia If one of these little sqmrrels is 
pitched into the air it soon rights itself and 
planes gently as a falling leaf to safety It can 
even give its baby a ride on its back from one 
tree to another, travelling like all such planing 
creatures, whether mammals, reptiles or fishes, 
m a downward direction Like bats, flying 
squiriels are nocturnal and generally associate 
in large colomes About seventy yards appears 
to be the limit of their gliding poivers 

FURTHER DE\TELOPMENT UNTIKELY 
The Asiatic flying squirrels are distingmshed 
from related creatures of Africa m ha\ang the 
forward end of each plane fixed to an enormous 
yard-arm, or sixth finger, wffiereas the African 
species have a like addition sprouting from the 
elboiv joint Numerous small marsupials of 
Australia have a very similar gliding apparatus 
By all the known laivs of ammal mechanics 
flight has reached the end of possibilities so far 
as the lower ammals are concerned, wath man 
it has only just begun 


PARACHUTING ANIMALS 

Top low A fi og and a sqiiu 1 el Bottom low A lizard and two lemurs or cobegos All these ammals are 
natives of the Fai East The lemurs, though primates, are neither monkeys nor apes 









THE ANIMAL KINGDOM 


183 



rot 


TEETH IN THE WALLS OF THE STOMACH 
The lobstei 's pincers ate more effective than the tasp-hkc teeth of the sea urchin Thc\ can chop up a musst! 
shell into small pieces which pass to tluee teeth fitted to the vails of the stomach 


FEEDING AND SLEEP 


S CARCELY any kno^^ n plant or animal is 
inedible — to somebody It is probable that 
even the tropical tnggei fishes with their highly 
poisonous alkaline flesh have natural enemies 
There arc certainly not many plants or ammals 
ivhich man docs not use for food in some part 
of the woild Shellfish of all kinds, Morms, 
insects and insect larvae, eggs and mice all 
figure on the menu of civilized man The 
kinds of food ^vluch can be eaten arc so multi- 
tudinous that \\c shall here consider rathei the 
different u ays of absorbing them 
“ All flesh IS glass ” said the sage of old, and 
It IS literally true that all animal life is in the 
fiist instance dependent upon vegetables, which 
largely derive their sustenance from sunlight, 
air and soil The leopard that lives on cattle eats 
glass by proxy so to speak, just as docs the tiger 
shaik, devouring fishes which m the fii^st instance 
were nourished on the minute plant life 
collcctuely known as plankton 
All ammals can be roughly gathered into 
two great gastionomic aimics, one li\ing on 
minute orgamsms in bulk, the other selecting 
larger food and eating it as a bolus or piece- 
meal Feeders of the fii'st order were the 
eaihcst of all dinei's They tlirongcd the seas 
m the persons of the minute chalk ammals, 
the rotifers and other microscopic or semi- 
microscopic forms They took theu food b\ 
sweeping all tint the surrounding water 
contained into tlieir ma\\'s by \iolentl% lashing 
hairs, or aha, and tliough some selection ma) 


have been obsciwcd when the food i cached 
the diner’s intciior, it was bi ought theic 
haphazard in the first place, with mucli tint 
w'as w istc 

In this was the minute animals ah cads 
mentioned still feed, and so also do manv 
ssoims, all sponges, sea squirts, barnacles and 
the s'ast army of bwalsc molluscs — clams, 
o)stcrs and scallops Es'cn the giant thicc-fcct- 
long clams of the Gicat Earner Reef feed thus 
on minute plants sshich arc sssept into 
their ciops by means of countless microscopic 
s\ hips 

Quite icccnllv it s\as discos cred that the 
giant clam had a special piosision for getting 
enough of this food to sustain its enormous 
bulk — and one giant clam mav make a meal 
for si\ men It appeal's that certain poitions 
of the clam s soft bodv form breeding grounds 
for the microscopic plants, so that the monster 
has alssass a reserse on the picmiscs, apart 
fiom sshat it sssceps into its inlcnor m the 
ordinals com sc of feeding 

Earl) in the ss orld s histor) — carls , that is 
to sas, as icgards animal life — there appeared 
another class of feeders sshich ate minute 
organisms but in a different was Mans 
ssorms and other sofi-bodicd creatures iiunoss 
into soil, and as thes’ burross sssalloss all that 
crosses their path and force it doss n their simple 
digcstisc tracts This hctci ogcncous mass of 
stuff IS sorted out in the process, nutntise 
matter passing into the blood «trcam and the 
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A^^ER1CAV MUSEUM OF NATURAL HISTOR\ , NEW 1 ORK 

CUNNING HUNTER 

The leopmd, oi panthei, js not fussy about Us diet, 
being willing to devoiii anything it can catch 

waste being cast out via the vent Famihar 
examples of such waste are the ivorm castings 
usually seen on every sandy beach and garden 
lawn 

Long before the first vertebrates appeared 
an advance ^vas made upon these two simple 
ways of taking food, both of \vhich permitted 
only relatively soft material to be dealt wth 



BRITISH MUSEUM (NATURAL HISTORY) 

IN LESS LEARNED DAYS 
The leopatd as pictured in a volume published in 
1491 The ammaVs head is almost human 


A sea anemone may swalloiv a ^vhole whelk 
shell, but it can only absorb the Avhelk The 
shell must be cast forth, or at most only slightly 
dissolved But some molluscs developed an 
internal shell made m several pieces, working 
one upon the other, and forming a very 
effective grinding miU One can find such a 
mill, about as big as a runner bean, in the 
bubble snail, found on the sandy south coast 
beaches of England 

TEETH IN THE STOMACH 

The sea urchins also developed fine sharp 
teeth, \vorking one upon the other, but they 
could still only serve the purpose of a rasp, 
much as do the horny tongue teeth noticed 
when glancing at the snail’s tongue More 
effective grinding organs appeared in the 
complex tongs, forceps, scissors and brushes 
seen in the many modified limbs, or mouth 
parts, of insects, crabs and lobsters A lobster 
can chop up a mussel shell into small pieces 
which pass to three teeth fitted to the walls of 
the stomach, and knoi\Ti as “ the lady in the 
chair ” 

True teeth appeared first in the fishes, but 
not until the group ivas already ivell estabhshed 
The first fishes had suctonal mouths, or at 
most sucking mouths ringed i\nth file-like horny 
teeth, as in the common lamprey 

ASTONISHING SWALLOWING FEATS 

True teeth are seen at their simplest m the 
sharks and rays as a roughemng of the skin 
forming a series of sharp plates covering the 
bps It must be admitted that this roughemng 
was very impressive at times One extinct 
shark knoira as carcharodon had a mouth big 
enough to accommodate a man, and ringed 
wnth rows of saiv-edged teeth each about four 
inches long 

In the bony fishes which evolved later, teeth 
have assumed an infimty of forms Often they 
are so long as to protrude far beyond the fish’s 
face even ivhen its mouth is shut The common 
rock salmon, really a giant blenny, has teeth 
strong enough to break oyster shells The 
angler’s teeth ivork on hinges, forming a bnst- 
hng barrier which no fish, once swalloived, can 
hope to repass The wuasse can mbble hard 
barnacle shells off the rocks, and pass them on 
to other teeth in its throat, where they are 
ground to powder 

A large percentage of fishes bolt their food 
whole, and some are capable of astomshmg 
swallowng feats The pike and angler fish 
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SHARK’S DENTAL ARMOURY 

Upper jaw oj a tigci shaik As soon as a tooth on the upnght tow is lost oi biokcn another spiings cicct to 
replace it The fish to which these teeth belonged was captuied by the Bermuda Oceanographic Expedition 


often choke to death as a result of swaIlo\\ang 
prey too large for them A fish of the deeps, 
however, though not so large as a herring, 
can stvallow a fish three times its oiNn length, 
the stomach conveniently stretching to accom- 
modate the mouthful It sometimes happens 
that the mouthful piotests to such purpose 
that both dmei and dinner are carried up to 
the sea surface, tvhere some passing sea bird 
plays a last part in the tragedy In spite of 
this fish’s sivalloivang abilities, its teeth are 
little more than a fence to prevent the prey, 
once caught, from escaping 

MAIMED BY MILLIONS 
Some fishes hterally use their teeth-filled jaivs 
as mmang machines A shoal of piranha (a 
Bra7ilian fish no bigger than a roach) have 
been knonm to dcsboy a man and his horse 
The edible blue fish of Amenca follows shoals 
of sea perclies, clioppmg off their tail portions 
as neatly as one might r\ath a pair of shears 
Some of the fishes live to sn im minus tlieir tails, 
the dorsal and anal fins closing in behind to 


replace the missing tail fin, but it is estimated 
that hundreds of thousands of millions of fishes 
are maimed past recovery nithin a blue fish 
season of about one hundred days 

LOBSTER’S AUXILTARY PINCERS 
With all the advantages which the fishes 
enjoyed as regards oigans of propulsion, cir- 
culatorj' system and breathing o\er the inverte- 
brates, the latter hao anticipated them in 
tactile organs Crustacea arc better off for 
hands than many mammals The common 
lobster can utilize its pincers with almost the 
neatness and finesse ol a watchmaker manipu- 
lating his tvseezers, and in addition has two 
auxiliary pairs of pincers among its vsalking 
legs A crab vnll take a carrot in one claw 
and cat it whilst keeping off would-be partici- 
pants in the meal with tlie disengaged claw 
• Apart from vertebrates and arthropods or 
jointed animals — Crustacea, insects, etc — only 
one other group of creatures seems to have 
developed satisfactoiy tactile organs Tlicocto- 
pods and cuttle fishes, highest of the mollusca. 
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WIDE WOULD 

BABY OCTOPUS 


The octopus eats crabs and ovsters It does not 
crush their shells, but pulls them apart it ith its tentacles 

ha\e de\ eloped the molluscan “ foot,” as seen 
in tlie snail and pond mussel, into eight or 
ten long arms covered inth sucking discs The 
cuttle fish, a tj-pical ten-aimed mollusc, tucks 
t\\ o extra long arms into pockets, one on eitlier 
side of the head, i\hen not in use These can 
be shot out at hghtmng speed, and the tips 
attached to passing prev — usualh a fish 

LAIR OF THE OCTOPUS 

The octopus, unlike the sqmd and cuttle fish, 
seldom hunts in open vater Instead it lies 
hidden in a rock fissure, and i\hen a crab 
comes Mitlun range, uni oils one tentacle and 
attaches the tip to the front of the crab s 
shell Onl) tlie lobster and a fei\ species of 
crab offer am resistance, the \actim generalh 
appears conscious that fighting is futile, and a 
big octopus ■wall tlius catch a score of crabs in 
succession, storing them amongst its coils until 
wanted 

The arms, tapenng to iship-lash tips, are 
deftly used to dismember tlie crabs and extract 


tlie meat, the shells are never broken, as each 
arm bears some thiee hundred tentacles, a 
teirific pull can be exerted, e\en the valves of 
a big oystei shell can be successfully forced 
apart 

GLANT SQUIDS 

One may gauge the awesome power of the 
giant octopods of Australasia when it is stated 
that a specimen fort) feet across the arms 
has about two thousand fi\ e hundred tentacles 
ranging in size from that of a threepenny bit 
to a breakfast saucer In the giant sqmds of 
the Atlantic the long arms may measure thirtv' 
feet, and in all sqmds the large suckers are 
remfoiced as to their nms with strong horny 
nngs set with sharp hooks, oi curved spines 

In reptiles we see a great advance in dental 
stiucture Always the teeth grow fiom below 
upwaids, are heavalv' enamelled, and as a rule 
glow throughout life, worn teetli being sup- 
planted by new ones evei thrusting upwaids 
from the socket In crocodiles the teeth are 



Squids' arms often attain a length of tliirh feet They 
are equipped with sharp hooks, or cur\ed spines 
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ALLIGATORS BURSTING FROM THEIR SHELLS 
The alligator's denture differs Jrom that of the crocodile in Iming the fourth tooth of the under jaw projecting 
into a hollow in the upper jaw Crocodiles ha\e tbu, tooth fitted into an external notch 


fitted one on top of the other, like the hats 
of a circus clown Usually the sockets arc 
very shallow compared with those of mammals, 
and m many reptiles the teeth merely lean up 
against a ridge on the jaw bone, \\herc they 
arc simply held in position by the gums 
The hollow teeth t\hich con\cy the poison 
of venomous snakes arc ranged one behind the 
othci , so that tvhen one is dislodged by accident, 
as not infrequently happens, another immedi- 
ately takes Its place In all snakes the teeth 
point throat\s ards, and though this may verj’ 
cfifectually prevent the escape of a lively dinner, 
as in many fish, it can also lead to the diner’s 
untimely end Once a snake has gripped its 


prey, it must swallow it entire There is no 
relinquishing its hold and ejecting an undesir- 
able mouthful seized m liastc Each mo\ ement 
of tlic jaws onlj forces the bolus further into 
the interior 

This accounts for a snake sometimes choking 
to death Its “ eye has been bigger than its 
stomach ” as w c sav, and if anothci snake 
almost Its ow n size has similarlvgrippcd the other 
end of the same vactim, disastei is bound to follow 

In one snake there is an cMraoidinary 
development of tooth-hke structures where such 
would not be expected The true teeth of the 
Afncan cgg-catmg snake aie almost negligible, 
but the innci surfaces of the neck vcrtcbne have 



„ , ^ , GREEK TORTOISE IN ITS NATIVE HAUNTS 

/O'- /'Or/n sheaths at the edges of their jans Other animals find 
teeth a disadxanlagc duckbills and some xxhalcs arc born \uth teeth nhich the} lose in adulthood 
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sharp enamel-tipped points The snake’s head, 
though no thicker than one’s finger, can stretch 
to accommodate a hen’s egg, and ■when this 
reaches the neck teeth they crack tlie shell and 
release the yolk into the snake’s interim 
There are cases knoum of this snake attempting 
to crack a china nest egg, such a meal invariably 
pro'vmg fatal 



MONDIAL^ 


DEADLY HAMADRYAD 
The poison oj venomous snakes is passed through 
hollow teeth, which when bioken are immediately 
replaced In all snakes the teeth point throatwards 

In the long cliain of exadence estabhslung the 
reptihan ancestry of birds, a very important 
item IS the possession of teetli by many birds m 
the prehistonc past Veritable teeth set in 
sockets xvere present in both jaws of the “ almost 
bird ” archeopter^'x, and \\ ere in vogue amongst 
the true birds xs'luch follo'wed after for many 
millions of yeai-s Gradually they disappeai ed, 
at first fiom the front upper jaxv and later 
entirely, being represented only by seiiations 
of the bony structure and coveied by a tliin 
homy sheath, in xvhich state they persist 
amongst some birds to the present time 

For some reason, teeth persisted in all but 
one or txTO of the mammahan groups xvhich 
developed parallel watb the birds At first 
mammalian teeth presented tire same curious 


uniformity as did the general make-up of the 
creatures wearing them Amongst the earliest 
mammals none xvas obxnously carnivorous or 
obviously herbivorous But as tlie hair)’^ crea- 
tures pioneered and steadily vadened their 
lange of activities, their teeth altered to smt 
each firesh exigence as it occurred and today 
mammahan teeth present a far x\ader range of 
size, shape and function than do those of 
reptiles 

A few mammals have discarded teeth, just 
as the turdes and tortoises amongst reptiles 
abandoned them, for horny sheaths to the edges 
of the jaws The vexy young duckbill has 
functional teeth, and there are milk teeth 
piesent m the jaxw of embr}''o xsfialebone 
xvhales, though these vamsh in later hfe as 
being detriments rather than assistants to the 
ammal’s pecuhar mode of feeding 

ANIMALS ^^TraOl]T TEETH 

The whalebone whales numic the oyster in 
gulping dovTi vast quantities of minute food 
after passing it through a siex'e, the sieve in the 
case of the x\ hale being those horny curtains of 
whalebone or baleen xvhich are really a pecuhar 
development of die palate The insect diet of 
the ant eaters has eliminated the necessity for 
teeth, although there is endence, particularly 
in the case of the South African eaith bear, that 
these strange creatures are the descendants of 
toothed ancestors 

Teeth are among the surest clues to an 
animal’s x\ay of hfe, and our owm bear eloquent 
testimony to the fact that almost everx'^thing is 
grist to die human null m mattere of diet 
Increasing rehance on soft prepared foods is 
tending to ehminate our back teeth, and to 
reduce the size of our camnes, but in most 
other primates these last remain x\'ell developed, 
either for use as x\ eapons or as effective 
nut crackers 

TUSKS THIRTEEN FEET LONG 

Any of the teeth, hke hmbs or other features, 
are hable to extravagant exaggeration to meet 
pecuhar leqmrements In rodents the incisors 
are powerful chisels, in die elephant, tusks for 
stabbing a foe or upiooting trees An extmct 
Indian elephant had tusks each thirteen feet 
long, and the txvo together xveighed over four 
hundred pounds Much more frequendy it is the 
camne teeth that are prolonged to form tusks, 
and the upper are more often thus developed 
than the loxver The walrus uses its upper 
camnes to haul itself on to ice floes, die xxater 



DixcE unimrsha, nxrtDmos (wide wori-di 


BLACK ASTRONESTHES PURSUING LUMINOUS PREY 
Manvfish holt tJicir prc\ mJioIc, bang capable of amazing swallowing feats A deep-sea fish, not so large as 
a herring can gulp down a fish three times its own length its stomach bang extremely distensible 
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deer and muntjac emplo) similai teeth foi 
fighting other deer or unearthing roots and 
bulbs 

In the pig tube both uppei and lou er canines 
attain tusk dimension, and tlie low er teeth only 
reach a large size in the horse, camel, rhino- 
ceros and some otlier herbnores, who utilize 
such w'eapons onlj in duelling during tlie mating 
season 

ANIMALS THAT USE SHEARS 

One race of animals, the kangaroo, has put 
the incisor teeth to a umque use, qmte contiarv 
to the general purpose of such teeth, ivluch is 
chiseUmg hard substances The two lower 
inasors appear to hai^e no kinship wath the 
upper mcisors, wluch are numerous and peg-hke 
Instead, the lo^\er pair are developed into two 
large blades, 'iv hich being movable, w ork upon 
each otiier like the blades of a pair of shears, 
and are used m precisely the same manner for 
cutting grass 

The tusks of the luppopotamus are also in 
tlie nature of shears but function in a more 
usual manner, the lower pair meiely cutting 
against two upper teeth So great is then 
strength, that not only can the) cut a hole truss 
of lush ^egetatlon by a single snap, but in 
emergency even hah e a nati\ e canoe or a man 
The) are also used with terrible effect in 
duelling 

Grinding teeth^ which alwa)s occupy the 
hindermost parts of the jaw usually present 
complex sculptured surfaces, sometimes shomng, 


as in the musk ox, intricate designs formed 
to grind the hardest food, and so extract the 
maximum nutriment from the least promising 
mateiial In the elephant these teeth, reduced 
to two in each jais bone, groi\ from behmd 
forw ard, the rearmost teeth gradual!) supplant- 
ing the forward grinders as they are w’orn 
aw a) 

Once a tooth is formed it is usually a completed 
stiuctme, but an exception is proinded by the 
horse The roots of its teeth lemain open for 
eight yeai-s or more, and so draw more than 
usual support fiom the blood stream, enabhng 
them tlie better to cope inth a hard, dry, 
farinaceous diet Such teeth may remain in 
full \agour for forty vears 

ENIGMA OF THE NAR^^HAL 

Mammalian teeth, howeier stiange or com- 
plex, usually tneld the secret of their pecuhar 
functions to patient study The teeth of the 
narwhal or sea umcorn are exceptions, for they 
remain enigmas In tlie male these piesent 
tw o spiralh tisasted rods of i\ ory, growing side 
b) side fiom the front of the upper jaw the 
left-hand tusk usuall) being the longei They 
are qmte inexplicable since the animal seldom 
seems to need tliem either for duelling or repuls- 
ing foes, and they can certainly be of no semce 
in obtaining food, the creatui e’s diet consisting 
cliiefly of cuttle fish and small Crustacea found 
swimming in mid-water 

The old adage that we dig oui gra\es with 
our teeth need no longei appl\ to man 
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SILVER GREY DESERT LOCUST 

The eternal search for food inspires yast mass moiements of animals, which, as in the case of locusts and 
gi asshoppers, quite frequently cause enormous damage to human food supplies 



METHODS or FOOD STORAGE 

{Left) Pouched animals monkey, gophci~rat, pelican and adjutant staik {Right) Animal luili dtsunstblc 
stomach tin black snalloMcr, a decp-sca fish, befoie and after attacking a squid scicial times its oiui size 


Painless dentistry lias rcndcicd the phrase 
meaningless It still holds good \\uh the ^Mld 
animals, howevci, and nhen once a creature’s 
teeth decay, then o\s ner is doomed Accidents 
and abnoi mahtics in an animal’s dental 
ai mature, though not frequent, usually spell 
disastci 

Occasionally, elephants are met wth IiaNing 
si\ oi seien small tusks growing m one socket 
The immense curved tusks of tlic wait-hog, if 
deflected fiom the normal cunc m cailv hfc, 
glow stiaight out in front of the animal’s head, 
making it diflicult to loot and feed In still 
worse case is the rodent which snaps one or 
both of Its low Cl incisois 

VAST MASS MOAn>IENTS 
Onl) continual use enables these teeth to be 
kept within reasonable bounds, and once 
gnawing is made impossible bv the loss of their 
bevelled tips the teeth htcrahy run not 
Rodents of all kinds have been found with 
these teeth curv mg nglit up ov cr the creature s 
head and pcnctiating tiic eves or cars 

Ihe cteinal sciich for food has largely 


determined the distribution of animals, includ- 
ing man It inspires also vast mass movements 
of animals winch, as in the case of locusts and 
grasshoppers, not infrequent!) icsult in vast 
damage to human mtcicsts 

FOOD STORFRS 

Most animals cat as thev go, and most carr)’ 
rcsen es of food stored about then bodies in the 
fonn of fat, but only those of the noitiicin 
hemisphcie seem to have emulated man s well- 
designed granaries and other food stoics The 
habit IS confined to i few groups of animals 
onlv, and to social insects with which food 
stores are a natural part of the genera! icgime 
Some monkc}s ccrtainlv store food iii their 
cheek pouches, but tins is on!v a v cry temporary 
measure, the outcome of living in a riotous 
society winch makes it imperative to eralj all 
one can when opportuniiv offers and then 
enjov It at leisure when some measure of 
pnv acv IS possible 

The chief mammalian food storers arc 
rodents, though the rule is bv no means 
universal, cv'cn amongst northern spcacs The 
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beaver is a classic example, and so also is 
the squirrel Recent obser\ ers lia\ e prm ed 
that not only does the Canadian giev sqUiiTel 
make large numbers of nut stores — tlie locations 
of i\hich it often forgets — but it e\en stores 
dead birds and fungi These are ven”^ cun- 
mngly lodged in the forks of tiee branches, so 
that the bird s head or toadstool’s cap hes 
across the forks and the bird’s body or the 
fungoid stalk dangles beloiv 



UOSDIAIX 


FEATHERED HOARDER 
Some magpies, like ravens and jackdaws, ha\e a 
passion for collecting brig/it or ornamental objects 

Nuts and benies aie imariably earned to the 
dump in the animal s mouth, and genei ations 
of moutli cramimng ha\ e stretched the cheeks 
of the Amencan gophers till they present 
pouches ri\ ailing those of the monkeys ^\hen 
a gopher’s pouches are crammed to capacity 
the ammal is obhged to unload by squeezing its 
face mth its clenched fists 

The habit many creatures have acqmred of 
collecting all kinds of objects ishich can be of 
no possible senace to tliem is possibly a pei- 
verted outcome of this food stonns: Rats 
have long been famous as secretors of bright 
objects, and a tame lat mtioduced to a heap 
of coins t\all almost ceitamly first select the 
silver for concealment m its lair 


Dansan has recoimted how m Ameiica the 
natives when missing a revolver, belt, or othei 
small piece of property, w ould first make search 
in the neaiest vascacha warren, and there the 
lost propel t> would almost certainly be found 
amongst tlie other heteiogeneous objects 
gathered by the gmnea-pig-hke rodents 

COLLECTOR OF CARTRIDGES 

Hoarding is rare amongst caimvores, but 
the northern wolverine or glutton, a large 
lelativ^e of the stoat, not only stores carcasses 
foi future consumption, but if opportunity 
offers, coDects coins, weapons and what not 
Hundieds of cartridges have been found m a 
wolv'enne s retreat 

Amongst buds this quaint habit may have 
its spnngs in some dim aesthetic sense, for the 
laven and other members of the crow tribe 
shaie the bowfer bud’s lov^e of collecting bright 
or ornamental objects Sometimes this mav' 
lead to quite a htde human drama, as immor- 
talized in tlie famous Ingoldsby^ Legend of the 
jackdau) of Rheims, and in Dickens’s dehghtful 
account of his pet ravens in the preface to 
Baniaby Riidge 

A few birds are genmne food hoard eis, 
notably the butcher shrikes, which impale 
insects, small birds and ev en lizards upon 
thorns, with an eye to the demands of a hungry' 
family The htde owl has been observ'ed 
dehberately to kill small partridges and then 
revasit the corpses after they' have attracted 
a hoard of carnon beetles, which the owl 
much prefers to game 

MONKEY’S TREASURE TROME 

Cecil Aldin, m his book Dogs of Character, 
recalls an instance of a monkey who collected 
not only reserv es of food but dogs teeth The 
rmlk teeth shed by the artist’s numerous 
puppies had an irresistible fascination for the 
monkev He collected them as they appeared 
and stow ed them secredy m a particular crannv 
by' a chimney coiner 

For weeks together he might apparendy 
forget his treasure trov'e, but ever)' now and 
then the urge to gloat over his hoard would 
come upon him Then, creeping away' widi 
utmost stealth, he would unearth Ins museum, 
and ranging the teeth before him dev om them 
with his ev es, as might a miser lus gold Aftei 
a “ session ” of v anable length, he would 
return his trinkets to their hiding-place, and 
then rejoin society, appaiendy' much refreshed 
and in a condition of “ uphft ” 
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INGENIOUS ways OP CAPTURING PREY 

{Lep) Mata-nmta terrapin Mitli artificial norm {Middle) Deep-sea angler, mtli rod, line, liiminniis bulb 
and hooks {Right, top) Archer fish shooting fi} tuih uatcr {Bottom) AiU-hou lana uith pitfall for anf! 


In tlic scntlcnng of their Mastc products 
anirmls disseminate seeds, cnculalc and puigc 
the soil, and pcifoiin many other useful scmccs 
m disti ibuling matter V ast amounts of useful 
fcrlilirei, howetcr, qo to aiastc, as mav be 
witnessed bv the huge guano chfTs whicii stood 
for ccntuncs on lonciv islets until discoacrcd 
and exploited bv man 

VMUABLE VSTC PRODUCTS 
Tlic possible exhaustion of a soil s fcrtihu 
IS now beginning to diaw senous attention 
to the tiuhta of the waste products fioin food 
consumed b\ animals of all kinds 'I hrough 
sheer wastage of scuage o\ei two hundred 
thousand tons of phosphorus are annualK lost 
to the Linitcd States alone, and tins at a time 
when there is mci casing need far the element 
which IS rare in a natural state 
In then manncis and methods of obtaining 
food, mans animals show considerable finesse 
and this is often the moic sui prising when vc 
find del ices sutrgesting almost human dcMcnu 
m annnah of rclatuch lowK origin Mammals 
and birds tend to feed ba \ci-\ direct methods. 


at most the obtaining of a meal implies an 
aiduous chase or a certain dcgicc ol stiatcgv 
m stalking But in some fishes and reptiles the 
means of getting the next meal nnoKcs what 
can onl> be described as appaiatus, of a com- 
plcxitv and dclicacv quite disproportionate to 
Its user's intelligence, which is gcncrallv of the 
lowest order 

TURTLE AS ANGLER 

In Biaril there is an unloscK looking mcr 
turtle known as the mata-mata which literal^ 
angles for its pres Whereas most predacious 
reptiles mcicK rels upon their resemblance to 
their surioundmgs, such as stranded logs, 
weeds stones, or mud banl.s vheicbi to take 
the quarrs' b\ surprise the mata-mata quite 
dclibcratcK fishes for its dinner On the 
creatuics \cr\ deficient chin is a wonn-hle 
filament of slm which is gentU waxed in the 
water Sooner or later a fish mistalcs it for 
a \ orm and such is the turtle s quickness of 
moxement th'>t the \ictim usurlix discoxcrs ns 
mistake too late 

Tishing for a lixing finds us highest expression 
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amongst the angler fishes, abundant in all seas 
and at all depths The angler -ss hich comes to 
market as rock salmon is a t^'pical fisherman 
of this Older The forward fin rays on its 
back and head are hinged so that they can be 
laised or depressed at -wall, and one or ti\o of 
the longest bear skinny appendages veiy sug- 
gestive of small fishes These lures, as they are 
called, seem to be used A\ath some real under- 
standing of their \'alue, and once a fish bites, 
the angler’s immense mouth plays the part of 
a very efficient landing net 

In the vaiious deep-sea anglers the liue may 
be jointed, or dangled at the end of a sort of 
luang fishing hne In the blackness of the 
abyss such a device might pass unnoticed, but 
it fiequently beare a lurmnous bulb, so that 
the anglei actually fishes as do many V^est 
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WORLD’S UGLIEST BIRD 
Tlie frog-mouth, said to be the world's ugliest bud, 
sleeps so heavily that lifting it will not awaken it 


Indian fishermen, \s ho cut out the hght organs 
from certain fishes and impale them on hooks 
m place of the more conventional -worm 
'What we call sleep is most apparent m the 
•vertebrates, and it vanes enormously not only 
in species but in indivnduals 
The old adage, “ Six hours for a man, seven 
for a woman, and eight for a fool,” is not to 
be taken too hterally ^^^len some scores of 
celebnties ivere asked how much sleep they 
reqmred, the results \\ ere surpnsing Some 
of the best brains apparently needed but four 
hours’ sleep in everv twenty-four, others 
demanded tince as long 

O 

BRAIN NE^^ER STOPS WORKING 
Marcom declared that quahty of sleep was 
more important than quantity, Mr H G 
'Weils stated that eight hours was a minim um, 
and Mr Heniw Ford confessed that he slept 
six hours but i\as in bed nine Napoleon 
i\ ould work for tw enty-four hours iiathout sign 
of fatigue, and seldom slept for more than two 
hourt at a time 

Jklodern investigators such as Pavlov, have 
clearly demonstrated that tliough one is 
apparently qmte unconscious even in so-called 
dreamless sleep, the brain never stops working 
altogether The sensation of acti\nty ebbs and 
flows in the brain continuously We sleep 
chiefly at mght simply because that is a con- 
vement time The ivork of many demands 
that they sleep dunng the day, and they do 
so readily enough Similarly ammak can be 
trained to re\ erse tlieir normal hours for sleep, 
and they appear to suffer no more than any 
human worker on a mght shift 

\^T^EN ANIMALS SLEEP 
For this reason, a ivalk round a zoo at mght 
IS generally a somei\hat disappointing experi- 
ence A lugh percentage of mght proivlers are 
anything but proishng, since to do so ivould 
be purposeless A few mammals, such as 
small lemurs, ant eaters and bats refuse to 
show themselves or feed until the last \asitor 
has gone, but this is largely because, since 
they are not particularly good shoiv beasts, 
no effort is made to exploit them “ The lions 
are fed at 4 p m ” proclaim zoo notices tlirough- 
out the i\orld, but this is a concession to a 
sensation'lo\ang public, not to the lions 
Broadly speaking, mammals tend to sleep by 
day, birds by mght There are exceptions, 
and some of these rank amongst the pro- 
foundest slumberers The mght-flying birds 
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TRIGGER FISH 

This Io»f;-faccil Jish has hii’hly poisonous alkaline 

Jlesli, but piobably some species Jind it edible 

known as frog-mouths, for example, sleep vciy 
J)ca%'ily No part of the biain seems to be m 
that semi-active state responsible foi “ sleeping 
w'lth one eye open” as \\c say A sleeping 
frog-mouth will suffer itself to be lifted from 
the blanch, or even to have a companion next 
to It shot dow'n, yet never show the slightest 
consciousness of anything untow aid 

Sleep IS a natural restoiatnc of worn tissues 
and may come to the individual’s aid when 
no means of refuelling the body machine is 
available Intense cold or drought may both 
cut off food supplies for the time being, and 
the best w'ay to tide over such lean times is to 
sleep In the noi thei n hemisphere many small 
mammals and all reptiles thus evade working 
extra liard for a living, as must such as elect 
to keep awake The ciiculation falls and all 
the body machincr)' slotis down, drawing what 
little fuel It needs from the fat accumulated 
in spring and summer 

ASLEEP FOR SIX MONTHS 

The sleeping capacity' of such crcatuics as 
the bear, hedgehog and dormouse seems to be 
much less than that of some desert animals 
Man} snails can sleep for half a year with 
ease, and there is one icmarkabic instance of 
a desert snail remaining quiescent for two and 
a half years in a museum case, at the end of 
which time it woke up, notified its presence 
by smearing slime on its exhibition label, and 
after being gi\cn a warm bath enjoyed a heart\ 
meal 

The African lungfish digs itself into the n\ cr 
bed on the approach of the annual summer 
drouglit, and there remains within an earthen 
cell until the rams release it months later 
1 or this reason, both lungfish and snails 


commend thcmscK cs to the natii cs as com enicnt 
iron rations, to be earned on long trel-s in 
inhospitable country' 

Do fishes sleep ^ So far as recent obsen ations 
in large aquana cast light on the subject, 
most fishes remain in a dormant condition for 
some penod in cicry' twcnt\-four hours 
Bottom feeding fishes such as dogfish and skate, 
sturgeon, lungfish, catfish and flat fish of all 
kinds arc actisc at night, but by da\ iisualK 
he half liiddcn in sand or mud 

A large number of other fishes arc scini- 
doianant at night, resting amongst weeds, 
leaning against rocks, or lying motionless near 
the surface The wi asses actually he flat upon 
one side, almost like mammals Tlie \aiious 
perches, breams, cichlids, trigger fishes and 
some kinds of trout rest on the floor Sun- 
fishes, rock and sea bass, lean wcanh against 
rocks, or peich amongst plants 

MULLETS’ STRANGE REHVMOUR 

Most sti iking of all is the bchas loui of the gicv 
mullet as shown by experiments in aquana, 
by' day this fish mo\cs steadilv foniards m mid- 
watci in solid shoal foimation At luglit the 
shoal IS biokcn up, each fish icsts hoiirontalK 
on the tank floor, and each faces a diflcrcnt 
point of the compass But the moment da\ light 
is called up m tlie form of a powerful clcctnc 
torch, or by switching on the lights abo\c the 
tank, the fishes mstantlv come togetlicr again 
wath almost mihtarv piecision, all head the 
same wa%, and in a moment are off again 
upon their long trek 
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FISH AND SLEEP 

Most fish maintain a state of slcep-hl e mm obiIit\ 
for a certain period during the da\ or the night 
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The young transparent fry, ^vhich hatch 
from eggs and mature veiy slowly, eventually 
make therr ^vay to the fresh^\ ater n\ ers, though 
perhaps thousands of miles have to be traversed 
Doubtless, many rmlhons of them fall prey to 
laiger creatures 

For long enough the tmy specks of life 
which hatch from the eel’s eggs i\ere not 
lecogmzed as hanng any connection wath that 
fish, for the good and sufficient reason that 
none knew’’ their source of origin The lan^al 
forni i\as tlierefoie regaided as a separate 
and distinct species until 1896, when a saentist 
disco\ ered m the Straits of Messina a senes of 
specimens which revealed the truth 



DRITIbll MUSEUM (WTlRAt HISTOR^ ) 

EEL’S DEVELOPMENT 
Eight stages in the development of the eel Note 
the 1 eduction in depth and length diinng the change 

Pei haps the most remarkable fish m the 
ivorld is the eel, ivhich undergoes no fewer than 
eight changes in its life and seems to suffer from 
a perpetual w anderlust In one of the phases it 
IS a voracious feeder, m another it apparently 
ceases to eat at all for a time 

Dr Johannes Schnudt, 
a Damsh naturalist, 
found aftei extensive 
research lasting several 
years that tlie eels of 
both Europe and 
Ameiica journeyed 
thousands of miles to 
breed m the neighbour- 
hood of Bermuda, -wheie 
the Atlantic is deepest 
He also discovered that 
the eels ivhich fiequent- 
ed the nvers of East 
and South Afiaca, India, 
the Dutch East Indies 
and North Austraha 
spa\vned m the Indian 
Ocean 


AT THE MERCY OF OCEAN CURRENTS 
The leptocephali, as they are called, are 
entirely at the mercy of the ocean currents 
At the end of three year's the fishes, now knoisai 
as elvers, undergo a transformation ivluch 
makes them moie hke an adult in appearance 
Vast multitudes leach tlie shoies of Europe and 
make tlieir "way up nvers, some even tra\ ellmg 
overland m then urge to discover fresh w ater 
The eels lubemate dming the ^s^nter, and -when 
tliey arrive at tlie age of pubeity tra\el once 
again to the sea and tlie spawning ground two 
thousand or more miles aw'ay 
The story ofDr Johannes Schmidt’s researches 
since he discovered one of the larvEe near the 
surface some distance w'est of the bleak and 
desolate Faroes is one of the qmet romances of 
science that is not suffiaently spectacular to 
attract much attention He followed his tinv 
clue all over the North Atlantic 
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ONE OF THE PUFFER FISHES 

When It meets an enemy it blows itself out so as to make the short spines stand 
on end and pi esent a veiy threatening appearance 
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ANT CAMP rOLLOVSERS 

From left to tight A siher fish insect stealing food from honty pot ants, a mite riding on a soldier ant, 
beetles grooming the legs of an ant in exchange for food 


ANIMAL SOCIETY 


F rom late spnng to early autumn one often 
sees sloM -running nvers or large tracts of 
stagnant water dyed a rusty biown, the mass 
coloration of uncountable legions of w ater fleas 
Great areas of the sea aie ficqucntly discoloured 
in like manner by vast congregauons of minute 
animals, and at night the waves appear to 
burn with a bluish fire This also marks the 
presence of abundant life, that heterogeneous 
gatiicnng of larval animals summed up in the 
woid plan! ton, winch is derned from the Greek 
plagLios, wandering 

Though all these gatherings of animals 
represent life as not even the most overcrowded 
city knows it, none of them can in the strict 
sense of the term be called societies Society 
implies a certain co-opeiation and mutual 
tolerance, a coming-togcthci for the general 
benefit, a quite selfish realization perhaps that 
No 1 will stand more chance of prospenty in 
the proximity of No 2 and No 3, than if the 
individual remained m isolation 
By society one means a diffcicnt gathenng 
cicn from those immense pcnodic congresses of 
animals which occur during a breeding season, 
or when cncumstanccs dictate a mass migration 
SocictN implies a certain permanence, a lasting 
realization of the benefit to be denied from 
contact with ones fellow’s 
The water fleas, which d\c the pond for 
yards around, arc jammed side b> side mcrch 
as the result of mass production The scores of 
snails which one ma> rake out of some crannv 
dunng an autumnal clean-up in the back 
garden, arc tlicie, not fiom fellowship, but 
because the place appeals to each indnidua! 
as an eligible spot for hibernation 
Animal socicu can be fairlv sharph divided 


into two categories, the complex civilizations ol 
certain sociable insects, and the much moie 
general love of society which can be liaccd 
right through the whole senes of vcrlcbialcs, 
advancing in complexitv as we ascend the scale, 
unUl w c reach that mass of social, Icgislativ c and 
political mnclnncry which has become essential 
to the bulk of m inkind 

Many volumes have been alreadv devoted to 
the social insects, and the icadci viiil find a 
woild of cntcitainmcnl in the works of Ticknci 
Edwards Hem i Tabic, Di Julian Huxlej, and 
a dozen othci w liters of distinction Hcic we 
can onlv loughly outline the civilization of the 
ants and termites, bees and wasps 

Before doing so let us warn the leader not to 
attempt to find in the lives of insects an\ 
parallel with those of human beings Some 
authors have done so in all seriousness, to the 
detriment of science, and the obscuration of 
dear thinking In another class arc H G 
Wells’s First Men tn the Moon, and C Capek s 
no less famous Insect Play These are sharp-edged 
satires and arc not intended as anv thing cl«c 

The old tendency to humanize insects no 
doubt originated in the Eastern sage s cxliorta- 
tion to " go to the ant ” Dickens dealt a 
shrewd blow at the false philosophy built up on 
that adage when in Our Mutual Friend he made 
the IN est-end lounger, Mr Eugene M rav burn, 
languidlv protest 

“ I object on pnnciplc, as a two-footed 
creature, to being constantlv referred to insects 
Tor the whole case is assumed Con- 
ceding for a moment that there is anv analogx 
beuveen a bee and a man in a shirt and trousers 
(winch I denv) and that it is settled that the 
man is to Icam from the bee (v hich I also 
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^\^DE WORLD 

WATER FLEAS 


Water fleas, which aie lowet crustaceans, in a pond 
jammed side by side as the lesidt of mass pioduction 

deny) the question still remains, ivhat is he to 
learn ^ To imitate? Or to avoid? 'When youi 
friends die bees i\ on ) themsehes to tliat higldy 
flutteied extent about their sovereign, and 
become peifecdy disti acted touching the shght- 
est monai ducal movement, aie t\e men to 
learn the greatness of tuft hunting, or the httle- 
ness of the Comt Ciicular? Are human 

labomers to have no hohdays because of the 
bees? And am I nevei to have change of air 
because the bees don’t? I tlunk honey 

excellent at bieakfast, but regarded in the light 
of my conventional schoolmaster and morahst, 
I protest against tlie tyi armical humbug of your 
friend the bee ” 

An insect of any kind is for all practical 
purposes a machine to do certain things, and 
none othei, throughout hfe In the social 
insects %ve find the society having its main 
springs in a queen, which is little more than an 


egg-laying machine, and a number of males, 
one of -which is destined to fertilize the eggs 
Between these two are various giades of sexless 
creatures fitted, usually from the time they 
hatch, to perform ceitam functions, which 
however complex, ho\s ever strikingly suggestive 
of human pm pose and mgenmty, aim in the 
long run solely at the support of the h-vmg egg- 
factory — the queen 

LESSONS SLOWLY LEARNED 
One can no more hope to inspue an insect 
to cope ^\'lth a sudden emergency, or adapt 
itself to swifdy changing ciicumstances, th an 
expect a clothes-isTinger to undertake a job of 
punting ^vhen the typeivTiter bieaks doira 
Be It lemembeied that -whereas a feiv centuries 
oi much less may mduce a mammal or a bird 
to bring about some changes m its -w ays of life, 
the insects had trudged on watlun their naiTow 
gioo\es for possibly milhons of years before 
die first mammals saw the hght Circumstances 
have planned the insects’ piogramme, teaching 
them their htde lessons by infimtely slow 
instalments 

ANT’S NUPTIAL FLIGHT 
Ants piesent the greatest variety in their 
forms of society and modes of hfe of any social 
insects Between three thousand and four 
thousand speaes of ants are scattered over 
the eardi, reaching their maximum in size 
and numbers wathin die tropic belt 

In ants, as m bees and ivasps, the female 
mates once only, during a “ nuptial flight,” 
and dienceforward setdes do-wm to lay eggs 
as reqmred The sperms wath w'hich she is 
impregnated duimg her brief matnmomal 
expenence are stoied wathm her, and passed 
on to fertilize the eggs m relays — over a peiaod 
of perhaps nearly a score of years The sex 
of an egg is determined by the number of 
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BATTLE OF THE ANTS 

Left to right At death grips , a casualty , spat ring for an opening , the end of a struggle Between three 
thousand and foiii thousand species of ants are scattered over the earth 
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ARDUOUS LABOUR IN THE ANT WORLD 

IVood ant noikcis stnmgling with a twig to be used as building tiialeiial An ant coininttnili nia\ number 
a few liimdicds or scores of thousands accoidiiig to the species 

sperms— or complete absence of sperms— aphis foi the sake of the sweet secretion jt 
allotted to It exudes Some foieign ants similaily firm 

Ant communities arc ficquently subterranean, x'anous scale insects The honey -pot ants use 
and all ants, once free of the cluysahs, should specially modified woikcrs to ictain huge stores 
step on to the stage of life ready to woik till of nectar within then abdomens, such ants 
they diop A community may numbci a few becoming swollen to the bigness of peas 
hundieds or scores of thousands, according to Even this is eclipsed bv the mushioom fanner 
the species Infinite aie the w’ays of the ants, who actuallv build fungus beds out of 
xanous communities cut leaves, and sedulously cultixatc \cgctablc 

ANTS AS FARMERS moulds thereon 

The tropic battlement-ants build on steep Many^ readers liaxc piobablv beguiled a 
lull-sides, and thiow up concentric ridges or summer afternoon in some woodland watch- 
walls, which sciac to dixcrt water lushing **^5 ^ paitv of sla\c-raidcr ants bearing off 
downhill dm mg stoiins, and so protect the struggling xictims fiom another tube, later to 
nest from flooding In stiiking contiast to tram them to their own purposes, a bondage 
the toituous subwaxs xxath xshich so manx' to which tlic witless captixes raise no objection 
ants iiddle flower beds aic the homes of the sheer aggrcssix cncss, howexer, the raiders 

leaf builder ants One set of woikci-s pulls outclassed bx the tcniblc dnxer ants 

the edges of two adjacent leaves together, tropical Afnea 

whilst another cements them bx squeering an MORE TERRIBLE THAN THE HUNS 

adhcsixc fiom ant grubs, using them as see- These ants make foraging mardics more 
cotme tubes Oditi tropic ants build nests of temble in their wav than those of the ancient 
xanous materials on trees, causing the big Huns Ex erx thing falls before their semed 
outgrowths known as negro heads ranks, and a regiment max' tale daxs to pass 

Amazing dcxaccs are resorted to for stonng through a district All kinds of insects, and 
food English gardens too often suffer from ex'cn reptiles, small mammals and birds arc 
the coxxbox' ants xxhicli farm the destructix’c devoured A r<^ment consists of xnnously 
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MOST TERRIBLE OF ANTS 
A winged wale dinei ant Lions giie the road 
to a contingent of these insects on the march 


graded indi\^duals Some, kno\m as soldiers, 
have enormous heads bearing razor-edged 
jaws Even the hon and elephant give the 
load to a dii\er-ant contingent on the march 

Bees differ essentially from ants in that never 
more than one male fertilizes the queen, and 
the nest ahvays consists of -wav-built cells for 
the storage of eggs, grubs and food This last 
IS generally only nectar Ants and ivasps show 
a much isuder range of comestibles, the former — 
according to species — ^favouring anything from 
com to a dead horse 

Bee commumties number only the queen, 
males or drones, and a single grade of tvorker, 
as against the various workers and soldiers of 
ant soaety Further a bee society may range 
from the many thousands constituting a stvarm 
to a mere family party, as m tHe bank-burrowing 
humble-bees 

COMMUNISTIC ANTS 

Ants seem to hold together, to keep to their 
ovm sets largely by a sense of smell, but bees 
also evmce a certain eye for colour, as is 
evident by the “ honey-gmde ” markings on 
floiver petals ivhich lead them to the nectar 
In large apianes hives are coloured m groups, 
and this sen'^es to keep the bees from irandenng 
to neighbourmg hives, and spreading disease 

An ant colony is communistic the individual 
has hterally no existence apart from the body 
corpoiate Many kmds of bee, however, show 
considerable mdependence Some few are 
qmte sohtary, lay their eggs, dump a certain 
quantity of food beside them and then leave 
them to shift for themselves Bees have much 
higher inteUigence on the tvhole than ants 
They can be trained to couple a particular 
colour with a certain food, and vath that only, 


the knowledge remaimng with them tdl they 
die 

■tyasps show stdl more individuahtv Nearly 
all btuld beautifully fashioned combs, deep 
underground or attached to tree branches and 
grass stems The matenal used is not wax 
but paper made from chew'ed wood A wasp 
IS a httle li\ing paper mill The sting which, 
as in the bee, is a development of the queen’s 
egg-laymg tool, is used not only for attack but 
often to paralyse insects, ivhich can thus be 
kept in the nest, in cold storage, so to speak, 
till the tvasp grubs are leady to devour them 
It is largely a matter of chance as regards the 
effectiveness of the poison admimstered Some- 
times a caterpillar may be killed outnght and 
decompose, or so shghtlv paral)sed as to gi\e 
the i\asp grub some trouble when dinner time 
arrives 

EARTm\ORKS OF THE TERMITES 

The so-called white ants or termites belong 
to a tribe qmte different from and more pnim- 
ti%e than that of the ants, bees and wasps 
Termites are purely tropic or sub-tropic insects, 
and they hve tmderground Their excava- 
tions may upraise huge earthworks, supportmg 
large trees, but the real hfe of the commtmity 
IS deep beloiv As m ants there is an egg- 
laymg queen and a male, but the neuters are 
either stenhzed males or females, not as m 
ants of one stenhzed sex only 

FOUNDING A COLONY 

A w’hite-ant colony is founded by a queen 
and a king, is'ho meet on the wmg, then 
descend beloir ground, shed their i\mgs, bmld 
a nest and finally found a colony As m ants, 
this consists of the same tireless i\orkers and 
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WORKER DRIVER ANTS 
A legiment of driver ants consists of \ariously 
graded individuals Everything falls before them 
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nurses and formidable poison-squirting or 
scissor-toolhed soldiers But ^\llercas tlie ants 
show great diversity of diet, the termites of 
A\hatcvcr species know one menu only — s\ood 
Human life in the tropics is one long battle 
against the insatiable appetite of the termites 
for anything made of iiood, be it a clothes 
peg or a liousc 

Hticin the tci mites arc unique Few 
creatures can digest hard evood — the beaver 
attacks only a tree’s solt, sap-filled outer layer 
— but a termite digests tough a\ood fibre by 
means of innumerable protozoa (single-celled 
oiganisms) that swarm in its interior Nowa- 
d.iys efforts arc being made to protect all 
natural enemies of the termite such as birds, 
ant cateis and aimadillos 

SCOURGE BUT NOT USELESS 

Seoul gc though the termite is, this bleached 
and hght-shunning dweller undcigiound is of 
some economic use Wood is not easily con- 
\ cited into feitihzei, but aftci treatment in 
ihc termite’s stiangely populated mtcnoi, it is 
bioken down and ictuincd to the earth foi 
Its icplenishmcnt and the ultimate benefit of 
plant hie, and as a natuial coiollars’, animal 
lilc also 

\Nilh that 1 datively cnoimous increase of 
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WORkCR-BCE S POCkET 
/le of t/ic y\orAci-[!cc, showing: pollen pocka 
II others act a<: charwomen nurns and food collceiors 



HONEY GUIDES 


!»VKr I p flA**-! 


Hoiw\ guides on a \ioltt Bias ojicn confine tlnir 
attentions to one specus of flown 


brain powci which maiks c\cn the lowci 
\crlcbiatcs, society takes on an cnlneK dideieni 
meaning A lobstci can h\c sixteen sen's in 
sohtar) confinement in an aquaiium and pio- 
Mded It is well fed, ne\cr icah/c it is sohtan 
IMien we read of a spider sasmg a nicdiesal 
prisoners sanitj mcrelv b) ofieiing him com- 
panionship, It IS well to remember that the 
spider would offei the benefits of its society 
just as readily to a musical box oi a jnccolo 
solo icndercd on a giamophonc 

SOCL\L URGE IN ^ERTEBRATES 
The \ crtebi ates ai c m difici cut ease 1 hough 
fish will h\c man) scais m isolation, it is 
noticeable that most do better if given the 
societ) of then own kind, and this is particularly 
apparent in the mam hundicds of shoaling 
species If a hciring is mtioduced into a tank 
which has hitherto housed but a single herring, 
the two fishes meet, and arc \cry soon both 
heading the same wa>, side In side If a 
shark plunges into the centre of a shoal or the 
shoal leaders suddenl) come in contact witli 
a cliff face or otlier obstrucuon, there is tem- 
porary' confusion But before lontr, tlie shoal 
will haac surmounted or arcumnmigated the 
obstacle, and so proceed on its ordcrh' wa\ 
The extent to which c\cn the mam Imds 
of herding reptiles arc rcaUv apprcciatnc of 
each others society, and not merde brought 
together b\ mass production or the mutual 
appreciation of common feeding grounds still 
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needs further investigation But amongst the 
birds and the even more highly constituted 
mammals, society is a very real thing, qmte 
apart from the periodic meetings occasioned 
by courtship 

To many birds and still moie mamma,Is, 
solitary confinement is almost the worst cruelty 
that can be inflicted on them So great is the 
social urge that a bud or beast demed the 
comradeship of its oivn species, -will often go 
to extraordinary lengths to find a substitute 
The newspapers frequently bring to our notice 
a stiange fiiendship, as between a goose and 
a cat, and a dog and a badger Zoos are full 
of queer partnerships Apes and monkeys will 
joyfully accept almost any kind of cage-mate 
rather than none 



FO\ 

BUILT BY TERMITES 
Termites, often called white ants, build homes which 
may reach a height of twenty-five feet 


Quite recently London’s Zoo could ihow a 
green monkey fast friends ^Vlth a wombat, and 
a young orang inseparable from a tree kangaroo 
In the old days, when all the Zoo’s service 
traffic was equine, an old horse which hauled 
the fodder cart could not be induced to proceed 
with the day’s work until he had had his 
mormng “ chat ” with a leindeer Anothei 
horse similarly never failed to pass the time 
of day ivuth a zebra A famous zoo lion spent 
his cubhood in the society of a hutch full of 
rabbits These instances of the social urge 
might be continued almost mdefimtely 

ANIMAL DICTATORS 

The flocking instinct of birds seems to have 
more in common with the commumstic 
shoaling or schooling of fish than the greganous- 
ness of mammals Birds certainly derive great 
benefit from mass foimation since the whole 
of a flock seldom sleeps simultaneously Hence 
there are always some members m various 
degrees of wakefulness, and so able to give 
warmng of approaching danger, though modern 
observers tend to doubt the old stones of 
deliberately posted sentinels 

Among mammals ^\e have the first crude 
foieshadoivmgs of councils, watch committees, 
government, and sometimes even of dictator- 
ship Most of the hoofed animals go either m 
small parties oi great communities under the 
dominance of a leader and a number of aides- 
de-camp, one or more of wdiich sooner oi later 
evinces aspirations toivards command One 
may tiace the parallel to much higher society 
without strain or undue humanizing 

In the pack and the held there are command 
and mtiigue — and co-opeiation An old dog- 
wolf and a handful of semors lead the ivhole 
pack in crescent formation towaids a herd of 
musk oxen or deer The grazers retaliate by 
bunching cows and calves together, the bulls 
foimmg a wall around them, and with heads 
dow'n and horns at the ready, prepare for the 
attack 

BATTLE CODE OF SHEEP 

Sheep, particularly \nld sheep, have a ivell- 
estabhshed battle code If only a solitary dog, 
of any size, threatens the lambs, they, togethei 
ivith the ewes, go to the rear The rams then 
advance in succeeding ranks, those composed 
of seniors being to the foie Thus arianged, the 
W'hole contingent slowly advances, and as the 
rams go to meet the foe they stamp with then 
forefeet — in unison The effect can be highly 
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GANNETS PROVE THE FLOCKING INSTINCT 
Gaiincis itctling on the island of Giossholnie, off the Welsh coast Birds derne benefit fioni mass Jorniation 
since the whole of a flock seldom sleeps at the same time The female gannet is careful of its eggs and will 
sit on Its nest and def\ am one who dares to approach 


di unatic, and if tlic dog lacks tlic moral support 
ol an accomplice he almost m\aiiablv decides 
to lca\e the flock m possession of the field 

RE\ ELRIES OF CHIMPANZEES 
Dr Zuckeimann, in his e-\hausti\c studv of 
monkey socict\, did not find a single instance 
ol apes 01 monkeys liMiig m amihing but a 
social state, which might \ar\ from a family 
pait\ to a tioop ol some hundreds stiong, the 
troop in Its tinn compiising a large number of 
family gathcimgs and cliques The baboons, 
notoiious as social monke\s offer a striking 
instance of the sticngth that lies m numbci's 
The encm\ of one automaiicalh becomes the 
cncm\ of all Mam authentic stones are told 
of \oung oi ciippkd baboons being left behind 
duimg a iclicat but onl) tcmporarih In\an- 
abK a number of cldci's turn back, and b\ their 
ferocious demeanour hold the pursuers in check 
whilst the laggard regains the main bod\ 
llie chimpan 7 ces, highest of all the lower 
primates arc c\cn more strikmgK human in 


then social traits Thc> iccognizc not onl> 
large famil) gioups, or aggicgations of fami!) 
groups, but also a kind of club life Chim- 
panzees emancipated from the nuiscrs, but not 
)ct anned at matuiit\ foim unruK mobs 
which racket thiough the jungle, cn)o\ing 
themseh cs at the general expense The hooli- 
gan reeeliics of one of these “mixed clubs” 
Icaxe a trail of dcxastation and disgruntled 
would-be slumberers in its tram and it max so 
happen that the rmglcadci of one of these 
parties IS a purposeful member of the gentler 
sex 

BREEDExG STORMS 

The rollicking nomadic bands of adolescent 
chimpanzees naturallx suggest one of the most 
striking aspects of animal societx namclx 
migration It has been alreadx pointed out 
that xast pcnodic miurations max be inspired 
bx the mating instinct as in the march of the 
land crabs acro's great tracts of Africa, or the 
•Grange tree-top congresses of Brazilian slo'lis 
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But rmgiation, as with the nomadic Ameiican 
Indians oi the -wandeiing Hausas of the Sudan, 
may also be the lesult of hunger or disease 
Astonishing tales of undoubted autlienticity aie 
told concerning tlie migrations of some hoofed 
animals m the days before the advent of the 
high velocity iifle 

There ivas a time -when, as -wunter approached. 



FOX FIGHTER OF MOUSE PLAGUE 
On an Austialian farm se\enty thousand mice itc/e 
dest toyed in a few hoius by owls, foxes and feiiets 


the Canadian caiibou passed to their cold- 
iveathei quaiters in an unbioken piocession, 
streaming thiough a distiict foi se\eral days on 
end Less than a century ago, the South 
Afiican spimgbok antelope migiated in such 
uncountable numbers that the \eiy veldt 
seemed to move, as did the foiest m Macbeth, 
and a lion caught m the close-locked ranks had 
no choice but to maich iMth them until new 
grazing grounds -were i cached, and open Older 
became once more possible 
A veracious tale is told of the big snub-nosed 
monkeys of mountainous China, migrating 
from one lange to anotliei Entire Milages 
turned out, spell-bound, to ^vatch the maich- 
past Public enthusiasm at last caused the 
monkeys to stampede Thev left behind them 
various jars of home-made vine vliich had been 
tightly clasped to the dense fur of then bellies 
— ^the said ^\^ne hawng been mom ned as missing 
fiom a neighbounng hamlet for many months 


These regulated seasonal migiations usually 
have a happy ending The piomised land, 
hoped for by the leaders, is i cached at lasi 
But theie aie othei less regular migiations 
occasioned by overci oivding, and then disaster 
follow s All animals are liable to ^\'hat 
scientists call bleeding stoims 

Multiplication, unchecked by natural influ- 
ences, leaches a climax, and theie results a vast 
hungei march The plagues of Eg)'pt have 
been lepeated ^vlth variations many tunes the 
w orld ovei In 1907 thi ee-quarters of Nevada’s 
alfalfa crop \seie waped out by mice, the 
burioiss of ^^hlch made the country look like 
a gieat sieve 

0^'ERCRO^^T)ING BRINGS DISEASE 
Ten years later such a mouse plague sivept a 
laige aica of Australia, and on one farm alone 
seventv thousand mice ^vere destioyed m a 
few' hours Owls, foxes and fenets gorged 
to lepletion, without making any appieciable 
impression on the flood of rodents None can 
doubt that the legends of the P.ed Piper and tlie 
■Wicked Bishop in tlie Rhine totser have tlieir 
loots in fact 

In medieval times the Chmch was not 
infiequently called in to exoicise the animals 
causing a plague, and when the pests happened 
to be lodents the horde made foi the sea and 
■wei e di o\\ ned The appai ent mii acle thus pei - 
formed really had a simple, natural explanation 
Unchecked bi ceding means ovei crow ding, and 
soonei oi latei ovei ciow ding inevitably spells 
migration and disease 

This is hoAV the periodic lemming plagues of 
ScandmaMa ahvays end One such occuried 
only a few ^eais ago, and it so far upset A\hat is 
loosely and misleadingly called the balance of 
Nature that i epercussions of tlie plague weie 
felt as fai south as Yoikshire 

NATURE’S UNSTABLE BALANCE 
The little lodents known as lemmings foim a 
staple diet of the Aictic o^vl The oi\ls, 
togethei ^\lth foxes, lived notousl) on the 
lemming hoides making blindlv for tlie coast 
"When, finally, tlie lemmings met a irateiy end, 
the foxes, more lesouiceful than the owls 
perhaps, and in anv case unable to proceed 
farthei, turned back to live as best the) could 
The oivls, hoivevei, embarked in sheei despeia- 
tion on a hungei flight Some peiished, no 
doubt, some made the Scottish peaks oi "iork- 
shne coast, and some fei\, sinlang exhausted 
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upon ihc dcds of chance \csscls c\cntuall\ 
gravitated to roological collections 

Animal society, indeed, is not so very far 
removed in its essentials fiom our own llic 
same motives inspire the bower birds’ assembly 
hut and the dance music which the BBC 
retails There is much in common with the 
march of the caribou and the posters offering 
“ special facilities to intending colonists ’ 
display cd in our shipping offices hen anim il 
and human conceptions of an ideal state come 
into conflict then the complcMfies of Nature’s 
most unstable balance arc increased a hundred- 
fold 

There is no need to insist upon the inter- 
dependence of animals, but dependence is a 
m ittci of degree, and some kinds of dependence 
arc rnoic intimate than others In olden times 
any animal obvaouslv denvang some benefit 
from another was dubbed a parasite, but model n 
naturalists now make fine distinctions between 
the many animal associations and partnerships 

PARASITIC GATE-CRASHERS 
In parasitism pure and simple the benefit is 
entirely one-sided, the guest being m the nature 
of a gate-crasher, and giving nothing in return 
for whatevei it may gam from its host Often 
an appaicnt parasite and its host aie rcallv 
messmates Such cases arc now placed in 
subdivisions according to the precise nature of 
the partnership 

Symbiosis (fiom s)n together and bios life) 
describes any two creatures livang in unison for 
mutual benefit Inquilism is a more recent 
addition to scientific language, borrowed from 
the Italian mqmlaius, a lodger who comes and 
goes at Will without paying rent Commen- 
salism implies animals sharing a common 
tabk, and in some v\av desenbes a certain 
modem ideal of human societv, though not an 
K’cal nccessarilv finding univcisal acceptance 
ORRIES or THE MARMOT 
Verv' often an animal partnership is not 
casilv classified correctly at a cursorv glance 
A classic example of this kind is offered bv the 
prairie marmot, a little gumea-pig-hke rodent 
living in large communities on the plains of 
North \merica This busv little lodcnt dnves 
long and deep burrows m the sun-baked soil 
and in a land where enemies arc mam and 
covci scaicc such subwavs offer ideal homes 
to animals less industnous or unformed b\ 
Nature for such nava’y viork 
Tlic mannot is soon honoured bv callers, the 


r’ttlcsnakc and burrowing ov 1 \ ictonan 

school-readers and popular natural histo-a 
books used to paint a ch-'miinix picture o! this 
colonial life It was invariablv icprcscntcd as 
a sort of Utopian commonwealth a ^\lld West 
paradise Bird and reptile v ere prest nted is 
friends and plav mates of the paunehv maimoi 
Closer observation has icvcalcd the soidid 
truth Rattlesnake and owl varv then menus 
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ARCTIC OWL 


Snonifoc — with foxes — of /einrnini's, of which there 
arc periodic plagues in Scandina\ia 

bv eating each othcTs voung, and those of the 
maimot 

TJic wretched rodent has no soit of rcdicss 
or means of ictaliation Sooner oi later it is 
forced to effect a moonlight flit fiom its hard- 
won home and dig chew here A fcv. davs oi 
weeks of peace mav follow but sooner or later 
the marmot returns from foraging onlv to 
find its self-advertised lodgings let on an 
indefinite leacc 

In the northern coastal areas of Great 
Bntam the rabbit I novvs somethinr of the 
marmot s v ornes The shcld dud finds its 
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bunow a perfect home for her own youngsters, 
and so does the puffin But whei eas the sheld 
duck flies in to leave no tell-tale footprints and 
bungs up hei young in some secluded by-way, 
the puffin shorn no such finesse It oftens 
kills off the young rabbits to make loom for 
its oi\m Wintei may find the moorhen also 
shekel ing in a rabbit’s bower, but no rudeness 
is intended, and the bud just -waits m the 
passage till the weathei bieahs 
Birds often billet themselves on larger 
creatures Some species build in the matrix 
or outskirts of larger nests, whilst many kinds 
haunt big ammals, and for ridding them of 
insect pests are entertained most wnihngly 
Little snoisy cattle egrets ride on bison and 
other big game and dig out ox-warbles and 
othei horrors 

ADAPTABILITY TO CIRCUMSTANCES 
It IS interesting to recall tliat Captain W P 
Beale -was the first to agitate for the organized 
protection of these little buds in the Sudan 
When as a veterinary surgeon he ivas brought 
in daily contact ivith the ivandering Hausa 
tnbe of that region, he noticed hoiv the egrets 
foUoived the flocks and herds up and doivn the 
hundreds of sun-scorched miles bet-ween M’ater 


hole and water hole To this day cattle egrets 
of the Sudan are spoken of by the natives as 
“ Doketar Bilhe’s Pigeons ” 

The cattle egiet is a heron and should feed 
on fish, but frequent fish famines have converted 
It to laigely an insect diet, an interesting case 
of adaptabihty and bowng to arcumstances 

BIRD JOCKEY OF THE RHINOCEROS 
The ox-pecker, rhinoceios bird, or Afiican 
starling, lives on similar hnes It rides non- 
chalantly on the big tivo-hoined rhinoceros, 
in which act the cave-man fiist noticed and 
depicted it Its cool impudence and daring is 
only sui passed by the little plover-like crocochle- 
biid oi courser of India It serenely scuttles 
in and out of the open mouths of giant man- 
eaters as they he basking on the mud flats, 
and picks sciaps of past meals from between 
the teeth, besides removing leeches and otlier 
nuisances fiom the monster’s jaus 

Some 1 emarkable gate-ciasheis occm amongst 
fishes Round the coasts of Great Britain in fine 
weather one may meet floating far out at sea 
large jelly-fish, Uvo feet or more acioss Beneath 
the “ umbiella ” of the jelly-fish hides a shoal 
of baby hoise-mackeiel securely hidden from the 
hungiy eyes of gulls above and protected by 



WANDERER IN ARCTIC WASTES 

Once a rover in Europe and Ameuca, the musk-ox is now confined to the Arctic regions of North America 
The ammals live in herds, and are an important item of diet with the Eskimos 



THE ANIMAL KINGDOM 


20 ? 



LITTLE BIRD FRIEND OF A BIG BEAST 

A call/e egret perched on a hippopotamus, although it also rides on other big animals It scaicngcs for 
parasites, and thus performs a good deed for the unn teldy beast 


tlic accommodating stinging cells from foes m 
the suriounding iiater That they sustain no 
injui7 from the jelly-fish is surprising 

MORE DREADED THAN THE SHARK 
Yet their case is no more wonderful than 
that of some other fishes pationizing equally 
or more deadly lehtnes of the jelly-fish In 
tropic seas Incs a little fish that actually hides 
amongst the stinging cells of the Portuguese 
man-o’-^\^^, a jellv-fish dicaded by sponge 
fishcis e\en moic than is the shark 

In a similar class Me ma) put the gorgeous 
little coral fishes of the Netherlands Indies 
These fishes hide Mithin the body ca\at\' of a 
huge sea anemone, tMO feet in diameter 
Immune they plas amid its thousands of sting- 
ing tentacles, rctinng deep into its inteiioi on 
the least sign of danger Perhaps tlicir tough 
scales protect them from harm, though this is 
hard to bchc\ e because most small fishes easily 
succumb to giant anemones Tlic coral fishes 
share their home Math a certain praMn, and 
both fishes and crustacean perfectly blend Mith 
the gorgeous colouring of their strange host 
Otlicr instances of fish gate-crashers are 


small fishes living inside sea cucumbers and 
starfish, giant Mhelks and even the gill chambers 
of othci fish In return quite small fishes may 
tliemseh es become hosts Cci tain little ti opical 
fishes cam' on their bodies or spines colonics 
of hvdioids — tiec-likc cicatuics allied to the 
coral animals Here thcic is mutual benefit, 
for the In droids arc earned contiauoush to 
fiesh feeding giounds, Mhilst their presence 
makes the fish an undcsiiablc mouthful to 
creatures that would othciaiisc devout it 

HANGER-ON TO SHIPS 
^Vc hav'e all read old stones of the vsondcrful 
pilot fish that befriends the shaik, and whilst 
gratcfullv eating such crumbs as lall from the 
big fish s table, guide it to hkclv game and 
warn it of foes The sagacity of the pilot fish 
has been in question now for some time It 
shoM-s little nicetv of taste, and when no shark 
IS available, will follow a ship and gulp dowai 
offal flung from the gallcv' Once tv\o pilot 
fishes came thus into Falmoutli harbour having 
accompanied a vessel for ncarlv three months 
The most femous of all fish gate-crashers 
and camp-followers is the das':ic remora or 
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sucker fish Some\\hat resembling a mackerel 
in shape, it is a foot or tivo in length, ^vlth the 
dorsal fin converted into an immense sucking 
disc by ■which it adheies %vith extraordinary 
tenacity to anything it touches Foicible 
detachment is only possible by a sliding move- 
ment^ The fish vull act as a hanger-on to 
shaik, turtle, ship, indeed any large mo'ving 
object 

Early natuiahsts, from Columbus’s day 
pmvards, made is^ondeiful pictures of the fish, 
based on “ eye-\\Titness accounts,” hauhng 
Avhales and sea hons out of the water More 



PARASITIC INSECT 

Lice aie paiasitic upon man and other animals, few 
of which aie wholly fee from pests 


^vonderful is the fact that IVest Indian fisher- 
men still use the fish, as m remote antiqmty 
They tether it to a long hne and then launch 
it at a turtle basking on the sea surface The 
sucker oi fisherman fish automatically holds on 
to the turtle, and both are easdy hauled aboard 
The shark sucker usually affixes itself to the 
back or belly of the temporary host, but -when 
billeting itself upon a paiticularly large shark 
may even take up a position on tlie roof of 
the monster’s mouth 

ANCHORAGES FOR BARNACLES 
Apart from the crocodile-birds already 
noticed, neither reptiles nor batrachians seem 
to offer many attractions to parasites Marine 
turtles may be burdened -with barnacles and 
other hangers-on, but merely because they offei 
convement anchorages, as do harbour piles and 
ships’ keels Land tortoises, on the other hand, 
are much burdened ivith ticks, and even the 
httle garden tortoise often harbours specimens 
as laige as one’s finger nail, chngmg tightly to 
the reptile’s rugose slun by means of their 
eight sharply hooked legs 

Fish are afflicted by immense numbers of 
parasites of all kinds Flukes and other worms 
infest the gills, leeches tap the blood stream at 


all points, enormous lice, often half as big as 
the host, siimlarly dram a fish’s energies The 
common skate often comes to market bearing 
big green leeches some six inches m length 
A strange parallel is offered to the leech m 
the lamprey, once an important food item m 
Great Britain prior to the ivholesale pollution 
of rivers by waste products from factories 
The lamprey, wath its tubular mouth nnged 
■wath scores of horny teeth, eats into the flesh 
of a fish such as a salmon, until it taps a vein, 
when It dunks its fill, usually causing the death 
of its umsalhng entertainer 

Few ammals aie wholly fiee from pests of 
one kind or another The horny-skinned star- 
fish and the even more effectively armoured 
sea urcluns aie sometimes bothered by a small 
sea snail, known as astericola, that lives amongst 
their spines The ciab, ivell protected though 
it is, often falls victim to an insidious foe, ivhich 
may be found fixed tightly to its under surface 

PRICE OF PARASITISM 
The parasite ivhen thus attached appears 
as a shapeless bag of tough skin, about as big 
as one’s thumb nail It offers a remaikable 
instance of degeneration for it is actually a 
barnacle, and i\hen qmte young is almost 
identical with the ffee-swimmmg, hard-shelled 
larwe of the common acorn and goose barnacles 
But w'hen the time comes for it to setde doivn 
it does so upon a crab, and there, casting aside 
its armour for the last time, becomes httle more 
than a stomach, sending threads into every 
portion of the crab’s anatomy, and by these 
countless arteries deriving its sole source of 
nutriment 

It pays the price of all tiue parasitism m 
becoming moie or less helpless, and finally 
exhausts its sole means of sustenance, for the 
Cl ab, once attacked by saccuhna, as the parasite 
IS called, usually dies a piematuie deatli 
There is frequendy found I'lthm the edible 
mussel a small crab, known as the pea crab, 
being not unlike a pea both m size and form 
The crab is merely a messmate, and in Amenca, 
w'here a larger species invades the oyster, it is 
even more prized than the bivalve The female 
pea crab has feeble legs and is so helpless that 
she spends her whole hfe hiding AMthin the 
mussel, this sheltered life hawng tended to 
soften her shell, and so render exposure to the 
w^orld i\athout inadvisable 

The male pea crab, though only half the 
size of lus mate, is a much more -vigorous 
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nSH PARTNERSHIPS 

Coial fish oj ihe Gnat Bonier Rcif Iimik; hi a giaiif anemone a httlc fish that huh s amonest the siiiu^ing 
cells of the Porttietusc inan-o -noi Medttenantan fish Ining in a scO'Ciu umber 


crcatuic, having a liaid shell and scniccable 
legs and clavs He leads a loaing, inde- 
pendcnl hfc, onl> at mating time \ isiting mussel 
iftti mussel m seaich of a partner Having 
found a suspected shell fish he patiently waits 
until Us shells gape, when he deftly sidles 
between their sharp edges and joins the female 
It IS doubtful as to whcthei the mussel dcrucs 
\n) special benefit Horn the ciab s presence, 
but mans othei niaiinc animals find in ciabs 
scrj haimonious and piofitablc collaboration 
ANEMONES AS TONGS 
A tiopic crab caiiics one oi tsso anemones 
m each claw, and uses them as hsmg tongs 
sshcrebs to obtain food and also to ssard olT 
enemies Ihc aab, ol coui-sc, purloins much 
of the anemones’ haid-won sictuals, but the 
anemones, bs being cai i icd from place to place, 
dense undoubted benefit m commanding a 
Older range of hunting giounds than dies 
ssould if anchoicd to one spot 
The lodgeis which billet thcmsclsas on the 
common hennit enb sscrc glanced at in the 
ihaptci on Home Building It mas here be 


pointed out that onlj the mat me licimit ciabs 
appeal to be thus imposed upon 'Ihcic is a 
noticeable absence of lodgci's on the shells 
woin by the big tropic heimit ciabs who lisc 
laigcls on land and esen scale chfi' faces or go 
buds nesting 

ANTS' MGHTM \RE ^\ ORLD 
Senn-paiasitism both in human and animal 
oocicts, leaches Us inaMmum dcsclopmcnt in 
the laigc communits The lighdiousc keeper 
and the httlc island communits arc practicalls 
immune fiom footpads hurglai-s begging- 
letter ssritcis, bogus coinpans floaters and all 
the other pests which permeate esers grade 
and stiatum of the human metropolis Moralists 
the ssorld oscr nescr tire of pointing parillcls 
bctsscen human cisihzation and that of the 
soaal insects As alrcads mentioned such 
parallels arc superfiaal or based on faults 
obscnation but at least human and ant socicta 
groan together beneath a common curse m the 
enforced suppoi i of b!ood-suckcr« 

Vs a choven v ictim of the unscrupulous ads cn- 
tuicr both the bee and the wasp arc outclassed 
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by the thrifty ant As wath ourselves, the very 
vastness and complexity of an ant community 
offers ideal conditions to the smash-and-grab 
luffian, or tlie more insidious purloiner of the 
society’s garnered ivealth 

About fom thousand different kinds of ants 
are known, and upon these batten some two 
thousand kinds of insects, mites, spideis and 
crustaceans Some of these gate-crashers are 
got up to resemble then hosts, and so largely 
escape detection, others enjoy immumty from 
arrest — and execution — by sheer mmbleness of 
foot, others again achieve their oivn ends by 



HAKOLD B\STIN 

ANTS AS FARMERS 

Gieen fly are fanned by ants, who great Iv appreciate 
the syrupy exudations of the aphides 

blandishment, caressing and petting the ants, or 
eien pandering to the norker ant’s insatiable 
appetite for s\\ eet things 

It is this ivlnch has led the green fly or aphis 
to be so extensively farmed by ants, ivho find 
m the s^aupy exudations of the aphis an 
ambrosia of Avhich they never tire It is a 
mghtmare ivorld on which ive look, when 
piobmg the seciets of the ant community As 
Di Julian Huxley has W'ell expressed it 

“ If ive imagined that m England oui houses 
W'ere, against om walls, inhabited bv cockroaches 
as big as ivolves and house flies like hens, and 
that there were crickets to whose presence we 
w^ere indifferent, although they were the size 
of our owai children and monstrous 
creatmes w'hich w'^e allow'ed to eat our babies 
in their cots because they secreted hot rum 


punch or some equally fascinating hquid 
then w e should begin to get some idea of the 
ant’s menagerie of guest ammals 

“ Apart from the aphis, or ‘ ant’s cow ’ as 
it has been called, about two hundred kinds 
of beetle offer sweetmeats to the ant — in 
exchange for the piivilege of eating the ants’ 
babies unchallenged ” 

GLANDULAR ATTRACTIONS 
Professor Wheeler, m Social Life Among the 
Insects, has said of these interlopers “ Any 
insect possessed of these glandular attractions 
can induce tlie ants to adopt, feed and care for 
it, and thus become a member of the colony, 
just as an attractive and well-behaved foreigner 
can secure naturalization and nounshment m 
any human commumty But the procedure 
among the ants is more stnkmg, because the 
foieigners are so \ery foieign IVere W'e 

to beha\ e m an analogous manner ive should 
live in a truly Alice-in-IVonderland society 
We should delight m keeping porcupinesj 
alligatoi-s, lobsteis m our homes, insist on their 
sitting down to table with us, and (in some 
cases) feed them so sohcitously that our children 
would eithei perish of neglect oi grow up as 
hopeless lachitics ” 

This catenng for the ant and systematic 
cultivating of its demorahzation — ^for the ant’s 
rapacity for sw eetness is like tlie drunkard’s lust 
for alcohol — finds its highest, or low est, expres- 
sion in a httle beetle knowm as lomechusa It 
supphes siveetstuff to the belhgerent red 
slave-maker ant, and even tlie beetle’s grub is a 
sort of perambulating bar 

DRONE FLY SCA^'ENGERS 
Another beetle, oxysoma, takes its fill fiom 
the ant’s store cupboaid after hanng stroked 
and w heedled the ant into a soi t of coma Tins 
is a favourite tiick wntli many ant guests, and 
is an imitation of the stroking of one worker 
ant by another when it w islies it to regurgitate 
food Half a dozen oxysoma beetles may thus 
combine to coax an ant into ginng them a 
dinner 

Cruder but boldei are the tactics of the silver 
fish insect, a cieatme which sometimes invades 
our laiders It waits until one ant is passing 
food to another and then, neatly intercepting 
the titbit, makes off at high speed in the most 
approved bag-snatcher manner Only' recently 
the laiwa of the laige blue butterfly' has been 
added to the list of ants’ guests 

I\Tnte ants, or termites, bees, w'asps — all the 
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IIAROLU I ASTI 

SILVER riSH INSECT 
T/tis little creature snatches food when one ant is 
pasiing It to another and then makes off at high speed 

social insects, in fact — are thus to a greater oi 
lesser degiec victimired Sometimes a nest- 
crasher IS tolerated for genui nc benefits confei red 
— as distinguished from gifts of sweetmeat 
offered as a cloak to mass murdci of the host’s 
piogcny 

Some of the drone flics of Great Britain aie 
got up vci'y like svasps and entci s\asp nests 
unchallenged, wherein they lay their eggs 
These hatch into spiny giubs that assiduously 
cat up the dirt often encrusting the ciowdcd 
cells of the comb, and c\en cat up the dejecta 
on the midden below the nest The wasps seem 
well awaic of the scivicc icndcicd foi both fly 
and grub arc ticatcd i\ith lespcct 
A less desirable lodger of tiic wasp is a little 
beetle known by no moic popular name tlian 
lilnptpliorits paradoxus The giub of this beetle 
has a sucker at the hinder end of its body, and 
with this It anchois itself to the top of a wooden 
post, and llicic waits until a wasp ai rises in 
search of ncst-building matciial 'Ihc beetle 
giub, leaied up on end with its legs i\a\iiig in 
the air, climbs on the back of the fust i\asp that 
appeals, and in due coui-sc is earned to the nest 

WASP’S RELENTLESS CNTMt 
Safely armed at the nest, the beetle laraa 
cats Its was into the cicaturc’s inteiior until 
too large to find such cramped quaitci's com- 
foi table, when it icgains the open, plugging the 
hole in Its Mctim’s side with its own cast skin 
The wasp giub still Ii\cs, and although the 
beetle Ian a continues to feast upon it now fiom 
the cxteiioi, enough \itahtv is permitted to 
leinain in oidei to allow the luckless giub to 
spin Its cocoon The beetles offspiing then 
gobbles up the last of its host and lies snug in 
the reads -made ciadlc of silk until it turns into 
a dm sills, iiid finalK cmciges as a pci feet 
beetle 

fills to us sccminglv fiendish aruficc is a 
\ariant of the ichneumon fl\ proccduic wherein 


the llv s egg is deposited m a h\ing caterpillar 
and there metamorphoses, cecntualK creeping 
forth as a fl> fiom the moth or buttcrfl\ 
chnsahs ^\e shall sec bter ho\ , during the 
last few decades, man has learned to turn 'omc 
of these insect parasites to his ou n adeantage 

PLVMNG TIT-rOR-T\T 
Occasionally, there occur instances in which 
one animal makes use of another and is in 
icturn utilired iMthout cither patt\ being 
conscious of dclibciatclj piasing tit-foi-tat In 
the ficsh waters of Euiopc lues a small fish 
know'll as the bittcilmg \Micn the time conies 
for the fish to deposit its eggs, the femile docs 
so b^ inserting a long oe'ipositoi — litcialh an 
egg gun — into the inhalant siphon of a ficsli- 
watci mussel, and the eggs being earned into 
the mollusc’s gill chamber tlicic leniaiii secuic 
from foes until hatched 

Here the fish appeal's to be making use of the 
mussel m a \cry oiic-sidcd mannci, but m due 
season the mollusc ph\s a ictuiii match Its 
young, like those ol most molluscs, aic minute 
organisms swimming by meins of hairs But 
m the ficshwatci mussel tiic two shells of the 
lai\a haac each a stiong hook, and the infant 
shell fish IS further prcpaicd for its jicculiar 
start in life bv means of one long sticks thread 
which floats loosely m the water It mav thus 
staa indefinitely until it dies, but all going well, 
m time there passes by a shoal of fish as likely 
as not bitleiling By the comulsisc opening 


ICHNEUMON rL\ 

Its egg IS deposited in a hung caterpillar s/ch as 
that of the large \ihitc buttcrjly 
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and shutting of its tu'o shells the httle mussel 
forces the tliread upivards and, fortune favour- 
ing, it sticks into a passing fish 

For r whde the shell fish, noiv launched, may 
be trailed behind, but soon it comes in contact 
■with the fish, and then the hooks gnp tlie skin, 
and this in time groiv's up aiound tlie httle 
glassy shells Here it stays, as secure as may 
have done its host befoie it in its owm paient, 
and some tliree months later bursts through tlie 



ANIMAL FRIENDSHIP 
A chimpauzee at a zoological garden which took as 
Its boon compuiuon a tabby cat 


tightly sti etched ivaU of its tiavelhng home, to 
hve Its life out as a mussel driiang a lonely 
fuiroiv in the nver bed 

As ive descend the scale of hfe parasitism 
assumes moie simster foims, since the often 
minute size of the paiasite lendeis its piesence 
undetected until its lavages have passed bejond 
checking The legions of the mites and ticks, 
those Lilhputian cousins of the spiders, inflict 
themselves upon eveiy bianch of the ammal 
and vegetable kingdoms in innumerable ways 
They may be i datively haimless, petty 
polluters of foodstuffs, hke the tiny mites which 
often sivarm in flour oi very matured cheese 
Otheis, hke tlie itch nute, find themselves m a 
sheep’s bile duct, and having chmbed up it 
into the liver banquet there some six weeks, 


eventually depositing eggs So this strange 
history turns full cycle, launching another 
sirarm of flukes upon the -world and spelhng 
rmn to the farmer 

ENEMIES OF MAN 

The study of parasitic isoims, or helmin- 
thology'^ as it is called, now ranks amongst the 
most important of all blanches of medical 
1 eseai ch The stud)"^ not only tracks down, and 
sometimes lemedies, matters immical to human 
welfare, but incidentally shows up many 
ammals in a qmte new and hitlierto unsus- 
pected light Thus all kinds of blow sing and 
grazing ammals, numerous snads, insects and 
nver ciabs, though haimless or even useful in 
themsehes, may under certain ciicumstances 
piove deadly foes by harbounng flukes in 
vanous stages of development 

A tropic fluke conveys via a small marsh 
snail the disease knowm as bilhai'ziasis, m -w luch 
tlie spiny eggs of the fluke perfoiate the 
human bladder and intestine AUied to the 
flukes are the tapewoims, each segment of 
whose bodies can lelease m^Tiads of eggs that 
being expelled inth tlie fajces, cany on the 
race at the expense of man or beast Often 
a tapeworm enters the human system \aa a 
meal of meat, the mtermediaiy stages of the 
worm being spent imbedded in the muscles of 
an ox oi a pig 

That most repellent ailment, elephantiasis, 
which may distort the affected areas of its 
victim almost be>ond recogmtion, is due to a 
minute round v\orm, one of a too numerous 
clan knowTi as the filaria Anotlier may 
infest man’s muscles, being relayed wa the 
muscles of tlie pig — a telling aigument in 
favour of well-cooked meat 

\'ERMIN ERADICATORS 

One might continue to revuew this rogues’ 
gallery'^ of tlie parasitic -worms almost 
indefimtely, for the study is still in its infancy, 
but enough has been said to give some con- 
ception of its wide scope and i amifications 
We mil close tlus glimpse of ammal partnerslups 
and interactions with a piettier pictuie 

As alieady stated the moie obvious partnei- 
ships amongst higlily-constituted animals are 
lelatively laie Fox and badger sometimes 
share an undei ground flat, reptiles and birds 
the same buiioiv, oi laige beasts may toleiate 
small ones foi then offices as “ veiimn eradica- 
tors,” as up-to-date lat catchei-s call themselves 
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A'tKic^'. M'ttJi 01 smm III 1vr^ ('wn- 

EVER ALERT TOR POSSIBLE ENEMIES 

Vigilance IS the price of life The tense akrtmss winch the jungle cuatiircs iwisf alna\s keep is cMdcnt 
111 this group oj Indian bison, winch is without the hump of the American species 


But none of (Iicse con compaic -nmiIi tlie muiis- 
tiations ol tlic little tropic buds known as 
honc> guides Here, once again, the \ncUm 
IS the long-sulTeung bee 

BIRD AND BADGER 

Honey guides aic ding)’ little birds, allied 
to the woodpcckci and found chicfiv in Africa, 
though one is iccoidcd irom the Himahtas 
and anolhci fiom Mala\a Science has called 
one genus “ indicator ” A t\ pical honev 
guide IS the maMinba of Northern Rhodesia 
Like the icst of Its class, tlie mayimba feeds 
almost c.\clusi\cly on the grubs of bees and 
u isps It is no better piotided than the 
ateiage small bnd loi an attack upon a mob 
of seeeial thousand furious bees, but it o\er- 
comes difiicultics in its wa\ b\ an extiaordinar)’ 
capaalv foi coupling caiesc wath clTcct It 
finds a paitncr to do the dirts woik 

bsualh this paiinci in Rhodesia is a small 
badgci, whose capacite for hi\c-brcaking has 
so won natnc respect as to cause liim to be 
usiiall/ spoken of as Mi Kambolc K'^mbolc 
IS a glutton for honc\, but lies legs arc \cn 
slioit, and lii-suitcd for long licks from hi\c 
to hue. So he waits quictK until masamba 


ai rises, m great excitement Iluttciing about 
his head and uttenng shrill cues Kambolc 
bestirs liimscif and ambles off m the wake of 
the bud The tick mat be long and arduous, 
but the badgei pci-sists He has net ci 1 now n 
the bird to let him down It mat also happen 
tint some wilt natitc notes the badgti s 
busintsslikc pi ogress and follows at a distance 
Bcfoic long the bees nest some distance up 
a titc bole pci haps, is reached The badger, 
confident m his sting-pioof hide and coal ol 
coarse hair, attacks, and the bnd feasts as the 
luckless larta: aic tumbled pell-mell into the 
open IJic bird continues to gorge long after 
the badger replete with lionet, sinks to sleep 
amongst the hatoc he has caused 

rvrovic\TED o\ honev 
T he paitncrship, like all other combines. Ins 
Its ups and downs Sometimes the bird leads 
the badger to one of the crude home-made 
baik lutes erected bw the natitc^ but reprisals 
arc seldom if ctci taken 'I he bird is much 
too tahnblc as an indicator t hiLt the b'^dger s 
onslaughts arc forestalled b\ a comritancc 
similar to the rat-nngs seen on ships hat •sers 
When a badger is not forthcomimr, the bind 
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makes for the first native, ^vho joyfully gets 
together some crude kind of bee-smoker, 
shoulders his shovel and falls into the tram of 
his excited gmde In ^s'et iveather the spilt 
honey forms pools ivhich qmckly ferment, and 
then the badger, drinking deeply rather than 
ivisely, behaves in regrettably human fashion 

BABOONS’ RESPECT FOR THE DEAD 
An ascending review of the ammal scale is as 
though one walked through a dark tunnel wath 
the light shovwng at fiist as a mere pin-point far 
ahead, but grovwng more insistent with each 
step taken until at last the vs^alker finds himself 
in full dayhght The daylight we may heie 
take to be our modern human society — if indeed 
we have alieady reached high noon 

Had space permitted, we might have dwelt 
at much greater length on the crude outlines of 
human society as seen in the ammals most 
nearly related to oui selves — the apes and 
monkeys ^^^len some yeais ago aU the chief 
zoos were trying to keep — not too successfully — 
large gatherings of baboons, the “ humamty ” 
of these ammals vs^as illuminating, and to the 
ultra-conventional sometimes rathei shocking 
There was the same aggregation of cliquish 


family groups dominated by elders, with 
rebelhous youth “ knocking at the door ” 
There were the beginmngs of a kind of morahty, 
and as m some higher gatherings, the female 
delinquent paid more heavily than the male for 
any irregularity The intimate mutterings and 
interchanges of the elders vs'hen a crisis laced 
the commumty were reminiscent of the tovsTi 
council, and even of the senate Baboon 
society was not without its hints at a crude 
respect for the dead ^^filereas a cow whose 
calf has suddenly died will pass on after a bnef 
lamentation, the baboon mother chenshes her 
hfeless babe until its remains have become 
mummified The baboon colony was far above 
the machine-like “ civilization ” of the ants 

ANIMAL RECLUSES 

The com^erse of society is sohtude, and the 
higher mammals can provide many an example 
of the lecluse Here again the human analogy 
needs no forcing The rogue elephant and 
man-eating tiger, solitaries both, are usually 
foiced into their lone careers through dis- 
gi untied age coupled vsatli faihng health 

The fundamentals of society can be traced 
thioughout the whole mammahan senes 



SPENCER ARNOLD 

MOUNTAIN SHEEP AS SENTRY 

Sheep, particularly mid sheep, have a well-established battle code When threatened, the ewes and lambs 
go to the rear and the lams advance on the enemy in succeeding ranks 
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UNIVERSAL PROVIDER OF THE FAR NORTH 
The hardy uindccr supplies the Cskimos iiith transpoit, milky meat and clothing Thc\ li\c on lice lichtus 
and iciiidici-inoss Unlike other kinds of deer, both sexes hate large antkis 


ANIAIALS IN RELATION TO A'lAN 


I T IS customary' to regard this as a mcchanircd 
age Pcliol is supplanting the oiiginal 
hoisc-poMcr by a nicclianical counterfeit, 
and synthetic substitutes for homel) commo- 
dities increase daii) Vet mc aic scarcch less 
dependent upon animals for our c.\isicncc than 
was the ca\c man 

Human society still diaws much of us food 
fiom flocks and licids and the teeming popula- 
tion of the w aters Animals continue to suppl\ 
the bulk of oui clothing from bools to headgear 
As rcgaids adornment, some folk incorporate 
in their atliie a \ciitable 700 Beasts piosidc 
fill's, and birds, plumes, shell fish furnish pearls 
and buttons insects arc a source of dscs, 
pigments and tiinkets of \aiious kinds 
rscccssiis and lu\ur\ combined take a 
staggenng toll of the world’s animals Often 
a hannlcss and beautiful creature, as for 
example the egret, will be dnxen to the \ergc 


of extinction at fashion’s decree Not infre- 
quently Nemesis follows upon short-sighted 
exploitation of a crcatuic s helplessness Tlius, 
in icccnt scars, the trade in Central Afnean 
monkc} skins has been followed by plagues of 
locusts, insects which the monlexs prcxiousK 
kept in check SimilaiK, the modern craze 
loi snake and hzaid skin commodities has seen 
in the home counlncs of these reptiles ternfxing 
xisitations of rats and mice which haxe spelt 
rum to the local faimci-s 

Animals haxe been draxxn upon for drugs as 
hberallx as for food and clothing 1 he modern 
pharmacopoeia is almost as full of animal 
nosti urns as xx-as that of mcdicx al times thougli 
x\c may be glad that die preparation of such 
mcdianes has changed consider'' blx Tlie 
phxsician no longer unres Ins patient to swailox 
hxc frotrs for rheumatism, or “ pill bugs ” for 
colic But X e haxe denxed insulin from the 
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calf, isinglass from vanous fishes, blistering 
agents fiom di\eis insects, and beneficial oils 
from a \anety of ammal souices 

The feiret has been enlisted in tlie war against 
influenza, and a cure for hiemophiha oi 
bleedei's’ disease found in the venom of Russell’s 
\apei, one of the i\oild’s most deadly snakes 
It 1 educes tlie time taken foi blood to clot fiom 
thu tv-five minutes to sei^enteen seconds Hun- 
dreds of patients have been tieated successfully 



TOnCAI, 


DA.NGEROUS BUT USEFUL 
The python sometimes lavs more than a hunched 
eggs at a time Its skin is used for shoes 

smce 1934, i\hen tlie first piactical test was 
made Poisomng, cancer and epilepsy cases 
have been dealt i\itli in a similai i\ ay 

Ammals of every kind are enhsted to aid in 
medical reseaich, and even tlie age-old quest for 
reneived youth has sought the means to its goal 
amongst ammals Hoiv i veal thy senility has 
borrowed tlie “ gland of hope and gloiy ” fiom 
apes and monkeys is noi\ ancient history East 
of Suez there is stiU a tliinang trade m ihino- 
ceros hoin, pangohn scales and monkey gall 
stones for a like purpose 

'\^^^ere amusement is demanded, no ammal is 
safe The bid! fight is by no means confined 
to Spain In Great Britain bull-baiting has 
only just passed out of h\ang memorj^, fov 
hunting, deemtalking and the annual slaughter 
of game aie still as popular as ever, while the 
rise of greyhound racing prov^es how umversal 
IS the instinct for the chase 
Fish fights aie to tlie Siamese what horse 
racing is to Enghshmen and are controlled by 
equally elaborate legislation In British India 


tlie demand for hunting-leopards (cheetahs) is 
so great tliat dealers are now scouring Africa to 
meet the market, the home supphes having 
glow n inadequate 

Mechamsed transport, despite its amazing 
development, is of so recent introduction that 
two-thuds of the world still largely depend on 
ammals They are tlie most cheaply fuelled 
form of ti anspoi t in existence Even m England 
draught dogs weie abolished by law less than a 
himdied years ago, and not entirely on humam- 
taiian giounds They impeded horse traffic, 
particularly in London Dogs continue to haul 
wheeled v^ehicles throughout the Continent 

CHINA’S FISHING CORMORANTS 
Ammals are used the v\oild ov’^er m all kinds 
of cunous side-hnes of human activaty China 
has its fishing cats and cormorants, in Malaya 
monkeys are tiained to harvest coconuts The 
Flonda turtle tradeis use tliat cunous fish the 
remoia to capture the slovs -vntted sea tortoise, 
as did then foi bears eight hundred years ago 
Fortunes aie v'et being piled up from the bee’s 
honey, the cocluneal bug’s bnlhant dye, and 
the guano of bats and sea buds 

Only today are we begmmng to reahze fully 
the v'ast possibihties of ammals for human 
prospentv' or the reverse None is novs 
legaided as insigmficant, from the worm turmng 
the soil, to the thrush which checks the worm’s 
too lavnsh increase As a result, vs'e aie seeking 
to make good tlie harm done by past centunes 
of ignorance and improvadence 

MAN THE DESTROYER 
Ammals aU but extemunated by former 
exploitation are being reinstated on the game 
reserv'^ation, tlie bird sanctuarj'^ and the fiir 
farm The lavs's of ammal hfe ai e being keenly 
studied in numerous up-to-date zoos For the 
study of animal parasites, wluch prormses to 
become an all-important branch of econormc 
zoology, expenmental farms and research 
labora tones aie springing up all ov'^er the 
w orld Tlie systematic study and safeguarding 
of tlie world’s fishenes has been placed on a 
sound footing dunng the last forty years 
Thus bnefly we see how much we owe to 
the world’s ammals, the v^ast army of its unen- 
fianclused citizens The increase or decrease, 
impiov^ement or tlie rev’^ei'se of this army are 
largely under our control, and may well com- 
mand the attention of aU, since aU are involved 
Ammals enter into almost eveiy conceiv'able 
phase of man’s activities, hav^e inspired some 
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DOG-CART IN MORC TH\N NAME 

THO-lhrds of the horld still lar(;el\ depend on animah for transport In Dtpland draustht does hin 

abolished b\ Ian less than a centur} ago the\ continue to haul carts on the Continent 


of his most \sondcrful imcntions, and ha\c 
coloured his ait and literature, folk lore and 
religious beliefs since fiitt he attained to human 
estate 

Judged bs case draisings and bone can mgs, 
which arc the oldest human documents, man 
the world o\cr was at fiitt a destroyer and 
nothing moic He slew with crude stone 
spears and kniies, slings, bows and pitfalls 
Pnmarih man killed for food and raiment, 
latci he began to slaughter for pleasure, a 
practice he sull continues 

ANIMALS AS RELIGIOLS EMBLEMS 
In his first primitnc contacts isath the lower 
animals, man learnt to dread some and admire 
others These presenth entered into his con- 
ceptions of religion and were deified Animals 
figure as religious emblems in c\en, nation to 
this das Not that such deification alwas-s 
sased the animals from destruction 
Quite carK in human histoia, the chase 
brought about automaticalh the semi-domcsti- 
cation, and later the intensified domestication 
of first (in all probabilils 1 the dog then the 


cat and the horse Later sheep, cattle pigs 
and \ arious buds joined the ranis of mans 
cnfoiccd sciaants, but apart fiom these more 
oi less prisilcgcd cicatuics the animal a orld 
had for countless centunes no reason to hold 
man in am thing but dread 

TTOE or DESTRLCnON 
In his nomaaic daas man had but taso 
majoi recreations, a\ar and the hunting of 
aaild animals Both these recreations a\crc 
adopted asitii aaidita ba the earliest ciailircd 
communities Incredible numbers of animals 
aacre requisitioned to proaidc the blood baths 
m the ciicuscs of ancient Rome, and tliough 
both the ciaihzations of ancient Rome and 
Ega*pt added fish and shell fish to their list of 
cultivated animals man continued to dcstroa 
far more than lie p’^escraed 7^lc earliest 
Inovan zoos seem to have cfiectcd little as 
regards the encouragement of conservation, 
though the one founded bv "’n carla emperor 
of China about 1000 nc maa have been an 
exception At least it was gia cn the cncour’ging 
title o'" the Intelligence P''rl 
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Zoo or menagerie keeping of a kind became 
m time a cult ^\^th almost every monarch or 
his sufficiently ivealthy henchmen But the 
domesticated or specially protected “ game ” 
ammals ahvays excepted, the tide of destruc- 
tion rolled on unchecked, and apparently 

! T 1 





CH\RLES \LFRED HAMILTON 

BEASTS OF BURDEN 
Descendants of wild asses, t/ieie is leason to believe 
that donkeys weie domesticated be foie the hoise 

uncheckable So it continued the world over, 
until just over a century ago 

One might with ease compile a discouragmgly 
lengthy list of creatures that have been blotted 
out of existence within the last hundred and 
fifty yeais Amongst mammals may be cited 
Stella’s sea coiv, a creature three times as big 
as a porpoise It went the road the whales 
are going, it was killed for its oil Some mam- 
mals have fallen to collectors’ mania The last 
quagga died at the London Zoo in 1864 
At least a score of species of birds have been 
so ardently collected, or used as food, that they 
have disappeared from the face of the eaith 
The dodo and the solitaire are classic examples 
The moa of New Zealand, an ostrich-like bird 


standing ten feet or more high, together -with 
the great auk of Iceland, were believed to be 
alive as late as 1860, but though reivards were 
offered for living specimens no rewards ^vere 
ever claimed It is known that the manners 
early in the last century used to dnve the great 
auks like geese down gang planks into the holds 
of their ships for victualling dunng a long 
voyage The giant tortoises of the Seychelles 
and Galapagos were used in the same way 

TOLL OF COMMERCE 

Commodus, one of the more degraded of the 
Roman emperors, once killed one hundred 
lions in the Roman cohseum at a single 
performance This as with the naked sivord 
Gunpowder soon after its invention made the 
oigies of Rome seem insigmficant Today even 
the largest bags by unintelligent trophy hunters 
are dwarfed by commercial slaughter wth the 
most up-to-date weapons Here are a few 
figures culled from recent official leports issued 
dunng the last few decades 

In 1906 Noiwegian wffialing companies killed 
nearly tw'o thousand whales, but with improved 
methods quadrupled this by 1923 In ten 
years only, Japan, quite a novice, accounted for 
close upon tw'enty thousand leviathans, and 
seventeen years’ w'haling in the South Shetlands 
lemoved over one hundred and twenty-two 
thousand animals 

^Vhales have at least this advantage over the 
hunter, however efficient his equipment — they 
live in the sea, a vast and often unassailable 
sanctuary The terrestiial fur bearers enjoy no 
such protection and have suffered accordingly 
During the three years 1919-21 over ninety- 
one million skins, representing eighteen species 
of the more common fur-beaiing ammals, came 
into the market Of the more valuable there 
w'ere only eight and a half millions Close upon 
tw'o million kangaroos figure in the list, fourteen 
million squirrels, the same number of muskrats, 
and over two hundied thousand koalas 
SA^TNG THE KOALA 

No reasonable objections, perhaps, can be 
raised to \volf, muskrat, squirrel or the various 
farmed creatures, such as nutria and foxes, 
figuring in the list, but the same cannot be 
said concerning the koala, the little arboreal 
marsupial that inspired the popular teddy 
bear This animal is entirely harmless and 
subsists solely on the leaves of one or Lvo only 
of Australia’s tw^o hundred kinds of gum tree 

In 1927 the then Queensland government 
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FORMER INHABITANT OF ENGLAND 

The mid boat was stamped out of Great Britain because it was harmful to aenculiurc and to the peaceable 
enjoimcnt of the count n side It is still presened in parts of Liiropc 


raised (he ban placed upon the slaughtci of 
the native “ beai ” or koala In a month over 
half a million adults wcic killed, and two 
hundred thousand infants used for dog meat 

IMMUNITY AT A PRICE 

At the end of 1937 there were only about 
five hundred thousand native bears left in 
Queensland, but by that time a bill had been 
passed piohibiting under se\erc penalties anv 
fiirlhcr slaughter of these animals, while some 
hundreds had been captuicd and placed in 
rescia'ations 

Timely propaganda succeeded in rousing 
public indignation against the plume trade, but 
the ultimate sah ation of the lui bearers must be 
looked for m another direction One b\ one 
nianv of the once most piofitablc species arc 
Mrtuall) disappearing, so that the slaughter of 
the last suiaiiors is not a business proposition 
— and so tliei gain immuniti, at a price 

The figuics quoted icprcsent but a drop in 
the ocean of blood spilt for pleasure or profit 
Within comparatneU recent \cars \Iucli 
sensclass butchcrv still continues but something 
hkc an awakening to the possibilities of animal 
Jilc wisch used and controlled is now taling 


place in all the more adianccd nations We 
will glance at some of the results achieicd 

Many of mans greatest disasicis, hie his 
triumphs, ha\e resulted fiom a too icad\ grasp 
at the needs of the moment without due lore- 
thought to the possible consequences Side b\ 
side with the indiscriminate slaughter of 
animals he has cfTcctcd introductions of all 
kinds ^\ c owe some ofoui most useful '’nimals 
to such experiments, and sometimes we ha\c 
li\cd to deploie them 

MEN VCE or THE RABBIT 

All too casih can man upset what is looseK 
called the balance of Nature The balance is 
nc\cr the '^ame lor long it swa\s b''ck and 
forth as first one and then anothci plant or 
animal gains tcmporaia masters The balance 
max be likened to that of an unetcadx trapere 
artiste — exer on the bnnk of a cradi, but 
nghting himself at the last moment as bx a 
mil aclc 

As the result of persistent endeaxour, the 
xxald boar was stamped out of Grc-’t Britain 
because it x\as harmful to agnculture and to 
the peaceable en)oxmcnt ol the countrx'ide 
Charles I, hoxxexer, endeaxoured to rc-c^f'bhsb 
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this ferocious and destructive animal in the 
New Forest, but -we aie told “ the people rose 
against tliem ” The people are using against 
some other importations wnth less success 

We may legaid the sparrotv', rat, cockroach 
and othei undesirables as accidental introduc- 
tions for ■which no one is specially to blame 
The labbit ranks amongst our unfortunate 
experiments Onginallv, the rodent probably 



WIDE WORLD 

GROWS NUTRIA FUR 
Tlte coypu Ines in South Ainenca and the West 
Indies It piovides the woild mth nutiia fur 

came to us after the Norman Conquest, and 
was kept ■wnthm enclosure by the feudal 
landoisners But rabbits burrow, and there 
IS no knoiwng -wlieie they Mill turn up next 
The rabbits having broken bounds, reduced 
much pine forest by eating the seedlings, and 
so made tvay for heathei in place of timber 
For centuries no other harm tvas done since 
the abundant stoats and foxes kept the rabbit 
m check But for the last century or more the 
rabbit has been a steadily groi\ing menace to 
agriculture, thanks to another importation, the 
pheasant "Where the pheasant is, none of the 
1 abbit’s natural foes — bar the fox — is allot ved to 
exist As a direct result of tvhat tve may term 
rabbit piessure, glass has notv supplanted trees, 
heath and rushes on many acres it can grotv 
tvheie the other plants have been eaten to 
vamsliing point With fetver stoats, hatvks and 
otvls to tvorry it, the rabbit turns from mere 
grass to young corn Forty rabbits can eat in 
a day enough to maintain a cotv or an ox 
The rabbit not only eats abundantly but 
spoils banks and iiddles open giound, where 


valuable cattle may peihaps break their legs in 
Its concealed holes The rabbit supphes good 
and cheap food, its skin gelatine, and its hair 
such “ luxury fiirs ” as leopard gazelle, electnc 
coney and other remarkable pelts unknotvn to 
nature Rabbit fur also provides felt, and the 
animal’s manure may be of some value Yet 
the time has come tvhen many are begmmng to 
tt onder if the anunal pays for its keep Looked 
at from its many facets, the rabbit problem is 
very real and daily growing more insistent It 
IS estimated that damage to the value of 
;£'50,000,000 a year is done by the wdd rabbits 
of Great Britain 

REMEDIES IN NAME ONLY 

Even if a war of extermination were prac- 
ticable, It might find as many opponents as 
votanes The rabbit is one of the mainstays of 
the fox’s lardei Apart from the obtnous effects 
M'hich a labbit famine ivould have on the 
already harassed poultry farmer, fox hunting 
— ^which also has its critics — circulates milhons 
of pounds annually in England and protndes 
more or less regular emplo^onent for a small 
aiTTiy of people of every grade 

In Australia the labbit, introduced much 
later than m England, of course, has long been 
such a scourge that every year scores of thou- 
sands of carcasses are burned as the only means 
of disposal 

The balance of Nature can never stay for 
long tlie same, once man, by elimination or 
addition to the existing state of tlungs, sets the 
tvheels of change in motion Some remedies 
for the rabbit plague, for instance, have pi oved 
almost worse than the plague itself On one 
sparsely inhabited island the human inhabitants 
intioduced cats The cats soon -wnped out the 
rabbits, and their introducers tveie faced ^\•ltll 
eating cat in place of the rabbit of t\ hich they 
had already tired 

SPARROWS CRT PLACE TO STARLINGS 

\Vithm htung memory e have seen a radical 
change in the bird life of great toivns, both in 
America and Great Britain At home the 
motor has wiped out the trade m mai'sh birds 
fiom Norfolk in a curious manner "WTien 
London relied solely on hoise buses, immense 
quantities of marsh grass iveie bought from 
East Anglia to feed the bus horses Marsh 
grass areas regularly cut protade just the right 
nesting grounds for snipe and plover Now 
the grass grot vs lank and high, the birds have 
migrated, and the trade m them, so far as 





SOME OF THE SPARROW RESIDENTS OF \1ENNA 
IVliaf appear io be lea\cs are spatrons lit Australia the bud, uuported h\ ones and tuos Ions ago front 
the Motherland, is a serious pest In London the starling has part I \ supplanted it 


Norfolk IS concerned, hns come to an end 
The spairo\\ is gradually disappearing from 
London, and the starling is taking its place 
This IS another result of the motor age, which 
has cut o(l the London spariow s mam food 
supply — the droppings from hoi-scs’ nose-bags 
Something similar has occurred m Amenca, 
w here the starling is an introduction Presently 
the birds ma^ ha\e to be kept within bounds, 
as base London’s ci\ac pigeons 

SEARCHING A TRAIN FOR A BIRD 
RecentK , a transcontinental tram m Australia 
was subjected to a ngorous search — for one 
sparrow In Eastern and Central Austialia the 
spanow, imported b\ ones and twos long ago 
fiom England, is a senous pest A fine of T 100 
IS imposed on an\one harbounng a sparrow 
^\hen, therefore it became knowai that a 
stow aw a\ sparrow had landed from a freighter 
at El e mantle and had boarded a tram, commit- 
tees were fonned to track it down and present 
It reaching the west an area hitherto kept 


sparrow -flee b) the barrier of the Great Central 
Desert 

This dread of the spariow is \ers' justified, 
for the bird has the hall-maik of a good colonist 
— adapt abilits It is almost as great a world 
tiascller as the common snail of English 
gaidens, which can be met with in Morocco, 
feeding with customary gusto on the pricIK 
pear cactus when nothing better offers 

^\c arc onl\ now realizing that it is not 
enough mereh to deposit a foreign animal in 
our owm countrs under conditions svhich 
promise to suit it the\ mas sml it too s ell 

SUPPRESSING THE MESKR^T 
^\hcn, a few scars ago, it ssas rcahzed that 
the muskrat ssould become a menace in Great 
Bntain, the most drastic steps s ere taken for 
Its suppression Xosv tlie sarious fur farms — 
fo\, nutna mink etc — es'ablishcd to mal c 
good tlic hasoc ssTOught bs promiscuous 
massacre, arc under tlic strictest supers is'on 
In the British Isles the gres squinel hie the 
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rabbit, has cilso gone too far The climate is 
not cold enough to make its fui ol marketable 
value, and racial conservatism precludes its 
geneial use as food, though it is superioi to 
rabbit in this regard The animal is meiely 
a nuisance and an expensive one 
Up to the year 1800, Gieat Britain was, as 
regards the general attitude towards animals, 
much i\heie it \\as m medieval times, when 



>mde world 

VICTIM OF FASHION 


The aested a am, once dest toyed at gieat maiioers 
because its feathers i\eie demanded by fashion 

the only piotechve measures consisted in 
savage punishments meted out to those who 
stole the king’s deer Animals ivere tools and 
playthings, of use m crude agriculture, transport, 
sport and quackery 

Theie were only tivo zoos, as opposed to 
beast shoivs, m the w'oild One, of long stand- 
ing-, ^vas at Vienna m Austria, the other and 
slightly youngei institution was the scientific 
mecca of tire penod Every biologist and 
scientific investigator sooner or later paid a 
visit to tire Garden of Plants in Paris Apart 
from the Royal Society for the elect feiv, 
England m 1800 was in a state of barbarism, 
and mightily amused at the efforts of a few 
fanatics stiugghng to establish a Soaety for 


the Pievention of Cruelty to Animals In 
1820 the Zoological Society of London was 
founded 

The story of this body has been told m 
detail m other books, and is only mentioned 
heie as a conspicuous milestone on the road to 
better things One of the Zoo’s most energetic 
champions ivas founder of the famous Smith- 
field Club, England’s oldest fat-stock show 
society The Zoo had great hopes of introduc- 
ing new food animals and devoted its eailier 
years to then establishment without success 
save in one direction, poultry It mauguiated 
the first poultry sho\v, and helped to establish 
a huge network of poultry societies and agii- 
cultural research stations It inspired the first 
dog shois's, and incidentally tlie first homes foi 
lost and staixmg dogs 

ZOOS INSPIRED BY LONDON 

Appaiently, the society, despite early piedic- 
tions to the contrary, was founded at a fortunate 
time The \vorld was npe for it The amused 
cuiiosity It first aroused soon gave rise to 
enthusiasm Within tiventy years of its incep- 
tion It \vas enjoying to full measure the smcerest 
foim of flattery One by one every other 
countity follo\ved in its wake, not only setting 
up zoos, but commumcating with London, 
and establishing many other institutions similar 
to those the Zoo had mspiied 

The London Zoo came too late to save some 
of the native animals, tlie great bustard for 
example, but other countries by \agorous action 
rescued from extinction valuable and interesting 
Items of then fauna 

REINSTATING THE BISON 

An outstanding instance is that of the 
Amencan bison Less than a centuiy ago the 
animal was counted by'^ liundreds of thousands 
Greed decimated its ranks Theie are even 
records of hoiv Amencan Indians and cm\ boy s, 
in drunken frolics, stampeded %vhole heids of 
bison over preapices “ for fun ” Today the 
Amencan Bison Soaety and scoies of affiliated 
bodies have reinstated the animal and made 
It one of the countiy’s most valuable natural 
resoui ces 

Naturally enough man’s atte_ .on as legards 
ammals ^\'as piimanly^ concentiated upon ter- 
restrial species He realized the necessity for 
their protection, but tlie flocks and herds of 
the sea he left largely' to look after themselves, 
taking his toll of them as occasion ser\ed, 
confident in the soundness of the anaent 
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“There’s lots of good fish in the sea ” 
He believed much the same of Ircshwatcr 
fishes, bar the salmon, r\hich he guarded with 
the same savager)' as he did the ro\al acnison 
Even the far-sighted Thomas Henn' Hu\lev 
shared the general attitude, and encouraged it 
by declaring, “ Fish where you like, when vou 
lilc, and how ^ou like” Such was his con- 
fidence m the apparently inexhaustible Iccunditv 
of the seas 

nCHlS CAUSED BV HERRIiNGS 
Inconsistently enough, despite this childish 
laith in the sea’s unbounded riches, extra- 
ordinary greed and jealousy were shown in 
the gathering of them Many fierce naval 
engagements between Euiopcan nations had 
their beginnings in a selfish desire on the part 
of each belligerent to monopolirc the licrrinc 
fishery 

It was in 1853 that the London Zoo opened 
Its aquavivaiium, the first exhibit of its kind 
as opposed to the monkish stews and the Roman 
fish ind oystci ponds The aquavavarium, lot 
want of those cngineeiing dcvaccs indispensable 
to successful aquarium keeping, was m the 
end a dismal failure But in its shoit lifetime 
It not only inspiicd the equally shoit liv'cd 
aquaiiuin cra/e ol Victorian times, but the 
now’ highly orginized safcguaiding of the 
woild’s miiitime resources The Zoo’s 1853 
cfToit had in its turn been largely instigated 
b> the books and other propaganda of P M 
Gossc, who little leali/cd the v’ast machinery 
his undv pen md biush were to set m motion 
Less than twenty j cal's alter the aquavivaarium 
opened, thcic was founded in Naples by Anton 
Dohrn, a Geiman biologist, the fii'st marine 
resell eh station This was established partly 
liom his own piiv’ate lesourccs, aided b> con- 
tiibiitions liom enthusiamc sympathizers, and 
giants fioin the Italian and Geiman Govciii- 
ments In England the onlv efforts to safe- 
guud and contiol fishciics ol am kind were 
in the hands ol the indefatigable Frank Buck- 
I ind, the lather of fisheries so far as the 
United Kingdom is concerned 

WORK or M\RliNE LVBORVTORIES 
It was not until 1884 that Great Bntain 
awakened to the parlous state of her ocean 
resources In that vcai the Marine Biological 
Axsociation ol the United Kingdom was 
cstiblislud and an aquanum and rcscaich 
I iboratorv built on part of the old citadel site 
.at the eastern end ol Pi> mouth Hoc Todav 


there are about two himdrcJ such s«ai ons 
scattered over the world, the n'^tiom \ ith 
extensive coastlincj;, Limland \menca '>nd 
Japan naturally having the create st numb' i 
ol stations 

A marine laboratorv deals with tverv con 
c< IV able phase ol ocean life fiom ti inng tin 
histones ol the most obscure pi mis md aniin its 
to the 'tudv of wind, wafer and the form it ion 
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ALLY or THE CHINESE 
The cormownt, which the Chinese hme trailed to 
catch fish without swallowing them 


of the sea bed As in agriculture, the farmer 
of the seas can affoid to neglect nothing, all 
IS significant 

When r H Huxlcv voiced his optimistic 
dictum, he spoke at a time when the Icisuiclv 
sailing trawler and the seme net and long line 
could supply all the fishes the nation needed 
But soon steam was harnessed to feed an ever- 
growing populace, and when the first steam 
trawler lelt harbour the sccuiiu of the harvest 
of the sea was at an end For in fi'hing one 
IS reaping where one has not sov n and that 
can no more continue indefinitclv ■’t ihm 
on shore The steam trawler nu\ vit'*! to 
supplies, destroys at the lowest estimate a 
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hundred times more than it brings to market 
Not only are countless young fishes killed and 
shovelled overboard, but in addition thousands 
of tons of the invertebrate life on ivhich so 
many feed, and the roes of fishes which might 
othenvise ensure the harvests of many years 
to come are destroyed Prejudice is so great 
that many ivholesome kinds of fishes are auto- 
matically scrapped, and owing to the inevitable 
interdependence of all life, ashore or afloat, their 
loss IS soon felt by the few fishes which meet 
\vith our unadventurous approval 
Apart fiom all this wastage the steam trawleis, 
now countable in thousands, carry devices foi 
negotiating rocky ground that ivas closed to 
the old-style traAvls, and by working \vinter 
and summer, and in almost any weather, 
scatter the fish when on then breeding grounds 
Hc^v greatly the game preserves in the seas 
may benefit from judicious resting periods was 
proved just after the World War, when foi a 
shoit time fishes of all kinds were extraordinarily 
abundant, as a result of four yeais’ comparative 
immunity fiom molestation Regulating the 
mesh of nets, closing certain areas for recupera- 
tive periods and pati oiling the seas to enforce 
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WIDE WORLD 

SALMON LEAPING A FALL 
The salmon spawns in fresh watei, peihaps its 
original home The Thames was a salmon iivei 
until pollution diove the fish awav 


observance of the fishery laws are useful 
measures still in their infancy The difficulties 
are great, for the storm -torn and often fog- 
bound seas cannot be controlled as can a 
pheasant covert, or even great inland reserva- 
tions like the Kruger, Yellowstone, Akeley and 
other animal parks now established m various 
parts of the world 

ROBBING THE OYSTER 
River and coastal waters, though obviously 
much more patrollable than the open sea, have 
fared even worse Just over a century ago the 
Thames boasted scores of fishing villages 
between the Noie and Teddmgton Pollution 
of the waters has made them all no more than 
memories Pollution has also rendered neces- 
sary the elaborate and costly purification tanks 
associated with England’s oyster fisheries, 
established for the most part neai or in 
estuaiies 

Coastal waters may also be ruined, no less 
than the land, by hastily considered or acci- 
dental introductions A case in point is the 
slipper limpet, the curious brazil-nut sized 
shells of which may be gathered by the bushel 
on almost any beach in Gieat Biitain This 
sea snail was unknown in English waters prior 
to 1880 , when it is believed to have been 
landed v\ith a cargo of oysters from America 
The shpper limpet eats the same food as 
the oyster, and by multiplying at an amazing 
rate not only robs the valuable mollusc of its 
rightful nourishment but by sheer weight of 
numbers smothers it Further, the creature 
appears to have few if any natural enemies m 
the waters of its adoption Twenty tons a day 
are often dredged in the Essex estuaries alone 

SHELL-FISH SCOURGE 
The sale of the shell for gnt and other pur- 
poses offers small compensation for the expense 
of dredging, or the loss of oysters The snail 
itself IS both wholesome and tasty, but ranks 
with other good fare amongst the national 
taboos Regarding this. Dr J H Orton, the 
leading authority on oyster cultuie, vmtes 
“ One has the impression that if Crepidida (the 
slipper limpet) occurred in France means 
would soon be found to convert it into a cheap 
source of food ” One has only to remember 
that prior to 1903 , when the government set 
about popularizing dogfish, now the main 
stay of fried fish shops, this excellent dish was 
almost universally regarded as uneatable 
Another shell fish scourge, though of less 
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DOGFISH AND THEIR VICTIMS 

PrtMOiis to 1903 dogfish wen almost wincrsalh regarded as unjit for human food Thc\ plav ha\oc with 
lotiiig herrings, and sometimes content themsehes bv biting out small puces as pictured abon L/eft dogfish 


import, IS the zebra mussel, brougiit to Great 
Britain nith timber fioin the Baltic some hftv 
tears ago The shell, which is about the size 
of an edible mussel, multiplies so fast as often 
to choke water mams A tliice-foot conduit 
at Hampton had its bore reduced to nine 
inches as the result of this mollusc’s fccunditj 
NURSERIES FOR COD 

Dr Julian Hu\ley, in speaking ol the balance 
of Nature, has lefcrrcd to “ the subtlety of the 
web’s w cat mg, whereby a twitch on one life 
thicad alters the whole labnc ” This applies 
m like measure to the reactions of one plant 
oi inimal upon another, and man s control oi 
them Intensified methods of fishing hate 
bi ought about intensified measures for propa- 
gating fish artificiallt In Canada the salmon 
wheel catches the fish b) thousands as thev 
ascend the incrs, and hurls them straight into 
the cannery' 

Parallel w ith this mass dcsti uction has grow n 
uji a St stem of fish farming wheicb) ota and 
milt aie taken Irom the liting fish, intermingled, 
and the feilihzcd eggs etcntualh hatched m a 
special nursert In \mcnca such sea animals 
as cod and lobstci arc now similarlt farmed 
on the grand scale 

Studt of the inhabitants of die seas no doubt 
inci eased the general interest m birds their 
migratort mot ements coming under the obscr- 
taiion ot seafarers cten more than hndsmen 


The value of birds as guides to fishing grounds, 
and then still greater importance to agriculture 
led, m 1889, to the foundation of the Rotal 
Society for the Piotcclion of Buds Hitherto 
they were largclt antbodt’s pret, and bene- 
ficial species suffered cquallt with the few 
pests, their alleged depredations being based 
iaigcl) on the obsert aliens of not too observant 
land workers and gamclecpcrs 

\ ^ear altci the Socictv s foundation Lord 
William Perce made the fii'st attempt at iing- 
ing birds for the purpose ol checking their 
migrations As a sportsman he confined his 
efforts to woodcock, but nine \cars later C C 
Mortensen, a Danish schoolmaster, began 
attaching numbered discs to the legs ol such 
birds as he could catch It is interesting to 
note how this device developed parallel with 
the idea of marking fish v.ith metal or celluloid 
discs for a like puiposc 

RECORD LONG DISTANCE FLlGlfF 

Tlic practice of ringing birds was augmented 
bv Messrs H T WiUicrbv and Sandsborouch 
Thomas of Aberdeen Univcrsitv, wath such 
fascinating and illuminating results that bv 
1909 the practice was common on both sides 
of the Atlantic 

Close upon a million birds have been thus 
marl cd dunng the last two and a half decades 
From the records obtained it transpires that 
the Arctic tern holds die birds’ record for long 
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registered ^vatche^s all over the country, it 
has been lound possible to take a census of 
such comparatively stationary birds as the 
bam owl A similarly orgamzed exanunation 
of the contents of the crops of vanous birds 
has resulted in many kinds once shot on sight 
being established as amongst the land workers’ 
best friends and accorded the protection of 
the la\s' 

IMPORTANCE OF INSECTS 
In some respects the study of insects from 
an economic point of vieiv is the most important 
of modern sciences, so far-reaching is it and 
so great its potentialities 

Honey, silk and cochineal dye have been 
appreaated, and in varj’ing degree cultivated, 
by man since the da^^ n of history But apart 
from these matters the significance of insects 
has only lately been reahzed or e\ en suspected 
Until comparatively recently all other insects 
were regarded as pests 



FOX 


REAPING THE HARVEST OF THE SEA 

JVIten the first steam trawler left harbour the secunty of the harvest of the sea was at an end Alt^^h 
the method of fishing which now obtains is vital to supplies, it also accounts for much wastage. 


distance flight, leaving Labrador in July, and 
next appearing in South Africa, eight thousand 
miles distant. For its size the hummmg bird, 
though travelling only over land, comes next, 
whilst the sivalloiv and the stork are almost 
equal m their annual journe^ings 

BREEDING-SANCTUARIES 

Other relatively recent activities on behalf 
cf birds are the establishment of breeding 
sanctuaiies, the immensely popular nesting box 
and food-table movement, the discouragement 
by broadcasting of pumping -waste oil from 
ships ^\ Inch kills di\ang birds, and the erection 
of resting racks on lighthouses These devices, 
supplied by voluntarj'^ subscription, save tens 
of thousands of birds beneficial to agriculture 
during their hazardous migratoix”^ flights, i\hich 
so often smchromze with the eqmnoctial 
gales 

Bird protection and studv is so ^vell orgamzed 
in Great Britain today that by means of 




PL\GUC or LOCUSTS IV NORTH AFRICA 


iMCWils on tiu war pnr/i ^nniitin a mo\c on an iitinuitsc frorl extendin'; for main mih': Gra^s ar i leaxes 
art dt\onrtd and tu/; boinjhs arc hraktn down b\ lie wcis;l t of l1 c insects sittlim; on ihm D irn z an 
attenpt to diftat an tinasion in Tramjordan, two thousand four hundred ai d farn-stun tors of tl c insects 

were collected 
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Today the study of insects is recognized as 
being far more vital to the interests of mankind 
at large than fur farming, game preservation, 
or even cattle breeding Man’s mainstay, the 
products of the soil, are at the mercy of the 
insect hosts as much as they are moulded by 
the elements Here, as ahvays, ive learn b^ 
the expensive method of trial and error Often 
a newly acquiied scrap of knoivledge must be 
discarded, or at least revised 

The gardener often uses “ ernes ” that prove 



WTDE MOULD 

AS USED IN GREECE 


Honey has been of set vice to man since lusioiy 
began A type of hive dating ftom i emote times 

worse than the disease Many of the deadly 
poisons %vith which ^ve spray oui ciops to 
eiadicate certain pests do as much haim as 
good, for friend and foe suffei alike In North 
Africa the fighting of locusts by means of arsenic 
is now known to be largely responsible foi the 
decimation of the European stork The birds, 
enthusiastic scavengers, have fed on poisoned 
locusts and shared the late of the insects This 
has reduced their ranks quite as much as land 
reclamation and iptensive drainage, ■which 
eliminates much insect life, besides frogs and 
water rats 


Comparatively feiv gardeners and farmers 
know one insect laiva from another There is 
some excuse for this The British Isles alone 
harbour forty-odd kinds of butterflies, over 
two thousand kinds of moths and well over 
three thousand different kinds of beetles All 
these produce grubs or catei pillars of a sort, 
and so do most of the other insect groups 

WARRING AGAINST INSECT PESTS 

The economist cannot afford to be ignorant 
This IS ^vhy the Insect Department staff of the 
British Museum outnumbers that of all othei 
departments by ten to one, and ivhy all over the 
world there are noiv established State-supported 
colleges and laboratories for the study of insects 
similar to the Imperial Bui eau of Entomology 
near London It is noiv being realized that a 
safer and surer method of killing noxious insects 
than by sprays or poison gases is to pit their 
natural enemies against them Much romance 
and high adventure is embodied m the cut-and- 
dried repoi ts on some of these attempts to fight 
one insect with another Not least of the 
difficulties involved lies in finding an insect 
to do the work required — and none other We 
have already noted some of the dangers attend- 
ing reckless introductions 

LADTOIRD FACTORIES 

Let us take a typical triumph of tlie economic 
entomologist At the beginning of this century 
Haw'aii’s sugar-cane ciop ^vas threatened by a 
i\ eevil — a plant-boi mg beetle After two years’ 
search an entomologist found on the Pacific 
Island of Amboina a flv \s’hich preyed upon the 
iveevil Setting out on the four-thousand-mile 
voyage to Hawaii ^s'lth a cargo of flies, the 
entomologist fell ill and all his hard-ivon insects 
died 

The fly had a short life cycle and ivas 
therefoie difficult to bleed m confinement 
Eventually, it ivas leahzed that the only ^vay 
to get the flies in bulk to Haivaii ivas to breed 
successive geneiations en rou'e By bringing 
off “ ciops ” of flies first at Queensland, then 
at Fiji, they at last i eached the scene of opera- 
tions, and the -w ee\ il -was doomed 

The earwig is a plague m some countries 
w'here it has been mtioduced, and m Amenca 
— another introduction from England — the 
gipsy moth threatened vast areas ^vlth rum 
until its parasites ivere discovered and sent to 
join It The ladybird’s noiv known voraaty 
for greenfly has given rise to what are literally 
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INSrXTS BENmClAL TO AGRICULTLRE 

I Giuh cocoon ai d ptrftc! I o\cr Jn 2 Grub cocoon ard picfcct laci-\ u -z fl\ 3 Grubs clr%<x:(is. 
Cl! d jhr/ict laiibiid j-Ul tl csc arc. ci,tiu'cs of f;ritnfl\ 4 IdirciuhOn fl\ lain z rcrc-t caterpillar 
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ladybird factories Yet the average garden 
owner invanablv mistakes the ladybird s 
^orac^ous grub ioi “ some sort ol slug, and in 
kilhng it helps one of his garden s oi-st 
enemies 

APPLE-BLOSSOM ^^T:E^TL 
Many an apple faimer has been brought to 
the blink of bankruptcy b\ the apple blossom 
wee\al Often the affected buds are collected 
and burnt, and to the burning go not only the 
beetle grubs but the ichneumon flies that eat 
them II the blooms are put into a muslin 
bag, the weevils can spread no faither and the 
flies can be released to sa\e next -gear’s crop 
Other friends of the gardener that e\ er\'one 
should knoiv are the hover and lacewmg flies, 
also among the foes of the aphides, the larger 
ichneumons which lav their eggs m Ining 
caterpillars, the caterpillar-killing technid flies, 
often mistaken for house flies, and the more 
important carnnorous beetles like the big blue 
ground beetle, the de\al’s coach horse and the 
snail-destroving gIoi\ worm 

In the Umted States ladybirds letire as winter 
comes to the hills, but their prev, the aphides, 
stay in the \ alley, and ^shen spring leturns 
again start feeding befoie the beetles can fl\ 


down to them Toda-s the ladybirds are sa\ed 
a journey The\ are collected by the basketful 
in their high i\mter i etreats, sold at so much a 
pound, and gi\ en the freedom of the fields and 
orchards — ^with the farmer s blessing 

PncJJy pear cactus makes good camel fodder, 
but -when plant and beast i\ere introduced into 
Australia, the cactus became so prohfic that 
no number of camels could cope wath it, lor the 
camel is a sloi\ breeder The pncklv growth 
promised to annex much of the island continent, 
until m 1 920 an orgamzed hunt w as made for a 
pnckly pear “ pest ” throughout America and 
the \Vest Indies 

SPECIAL STEAMER FOR FLIES 
At long last there emerged from scores of tnal 
insects the caterpillars of a certain moth, %anous 
plant bugs and cochineal insects and the “ red 
spider ’ — in Great Britain a pest to frmt trees 
These creatures were pioduced in bulk at a 
special breeding station founded m Texas by 
the Australian Go\ernment, and the ammals 
shipped to the affected areas as lequired 
A parallel mctor>' to this was the discoverv’ 
in ^Ialava of a fly which would attack the 
Fiji coco-nut moth, a scourge that throughout 
man\ islands converted fruitful palms into the 



MAN TO THE RESCUE IN SOUTH AFRICA 
Creatines of the i ild drinking togefher in Kruger National Park, the great South African resen ation is here 
many animals sshiclt were dying out for lanoiis reasons are being presened in their natise haunts 



PROTECTING WILD LITE IN THE UNITED STATES 
A goat lit Glacier National Park, Montana \Giiclt co»rrv no fewer than one tlioinomi four hundnd and fift\ 
sqtiaic ntilcs and is one of sacral rcscnatians in the United States Here Iniciicaii Indians Inc in tepees 

and wild animals rose about at large 


likeness of hop poles After se\tnl \ears 
search, the fii'st consiq:nmcnt of three hundred 
flics \^^s obtained and sent in 1925 from 
Malasa to Fiji in a spccialh chartered slcamci 
] heir teciningr descendants assure the aaluablc 
coco-nuts piospciitv to this dav 
As ahead\ stated, in introducing a parasite 
or anti-pcst, the utmost precaution must be 
t ikcn b\ cxpcninent to make sure that it shall 
do the work rcquirid, and that onl\, and not 
in Its turn become a menace The mongoose, 
introduced into the ^^cst Indies to cope with 
a lat plague itsi If became a pest a\hcn tiring 
ol lat sluightd, It found more toothsome fare 
in the local chickens and wald birds 

LGRITS TH\T WENT \-ROAMING 
Climate also must be taken into con- 
sideration The \fncan egrets introduced at 
hipsnadc kept down cattle parasites like the 
bot fl\, but had to be collected and co'seted 
indoors as soon as autumn came In the 
C* 


London Zoo th*. birds triven then libcits 
lound mere cattle-grooming a tame amusement 
with so mans othci distt actions to ofier 
Before long some were discos cred inspecting 
the possibilities of the Regent’s Canal sticHc- 
back suppls, and a less sscrc esen traced to 
the Temple Gardens, in the heart of London, 
purloining goldfish 

INSECT HELP rOR PL \NTS 
\\ hilst mans insects arc pests or pest fighters, 
a high percentage are indispensable to tin 
agricultunst in the cioss-fcrtih/ation or pollina- 
tion of plants Gcologs proses that s hercas 
plants no doubt anticipated animal life, none 
ot the floss cring and fruitful plants existed until 
•'Iter the insects had become sscll csL'lilishcd 
Some plants •’re sclf-fcrtih^ing, others rcls' on 
the h-’phazard ssasteful method of broadcasting 
their pollen grams upon the ssand, but insects 
ofier a surer method and in fiitoncr from fios cr 
to flower ss' ell our crops and feed our cattle. 
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TINY INSECT WHICH CAUSES MUCH DAMAGE 
The destructive woik of the beech leaf roller weevil told in thiee pictures which are self explanatory The 
piodiicts of the soil are at the mercy of the insect hosts as much as they are moulded by the elements 


Ne^\’■ Zealand, no^v literally the tvorld’s 
mutton factory, could at first make little success 
of sheep farming Good mutton can only be 
raised on clover, but even ■when clover was 
mtioduced, little headivay ^vas made The 
plants fared no better than the animals Then 
it ^vas realized that to propagate clover bumble 
bees are necessary, and New Zealand’s pros- 
perity dates from the day -when a cargo of 
English bumble bees arrived Thus mutton 
and beef, wool, hair, horn and leather, fer- 
tilizers, milk, cheese and butter are to a very 
large extent gifts from the bumble bee 

TUNNELLING LARV.E 

It has been estimated that m some years 
twenty per cent of the frmt crop of the Umted 
States IS destroyed by insects, yet even so, as 
the Department of Agriculture points out, this 
may rightly be regarded as a tax paid on the 
successful production of the remaimng eighty 


per cent Not only are insects useful as fertilizers 
Many tunnelling larvae enrich the soil even 
more than do earth worms, by dragging doivn 
leaves and other rotting vegetable ivaste, and 
converting it into manure 

ANTI-GNAT FISH 

Side by side wnth the march of agriculture 
and the opening up of new lands for tillage, 
has gone the study of insects as eneimes to the 
colomzer’s health — their potency as earners of 
disease In Great Britain flies are relatively 
merely a nuisance, and might be easily decreased 
m numbers by increased cleanliness The cock- 
roach, flea and louse are three more reminders 
that ^ve are still some w^ay from a hygiemc 
Utopia, and the gnat and mosquito might be 
readily controlled by proper supervision of 
ponds and ditches and the encouragement of 
such easily bred fish as the stickleback and the 
golden orfe. 
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rUR FOR THH FAIR AND TIIC FORTUNATF 
Animals conliniic to sttppiv the hulk of our clotlums front hoots to hcadeiar The siher hlack fox is 
tipical of Canada's fur tndustn The pioneer husiiuxs nun of thi future Donunwn ueri fur-traders 
The price of a pair oj siher foxes for hreeditnt purpose has riachtd as much ns £2 800 


Inly IS one of tlic fc^^’ European countries 
to encourage scicntificallv nnti-gmt fisii But 
^\lthln the tropic belt insecfs still vie vith man’s 
vorst engines of destruction in the toll thev 
take of life Large tracts of land still defv the 
ivhite man’s best attempts at annexation, the 
mosquito and the tsetse fl) hold them secure 
Fortv per cent of India’s death rate is still 
due to the malarial mosquito, once a scourge 
of ancient Rome and Greece It was a dread 
broadcaster of ague in Great Britain until less 
than eighty years ago The danger of mosquito 
bite lies not in the incision, or c\ en blood letting, 
but the conseyance of the parasite of which 
the insect is an intermcdian,' host Fleas, 
w 01 king through the rat, arc now known to 
ha\c earned the plague or black death which 
so many times rat aged London 

MOSQUITOES AND YELLOM FEMIR 
Mosquitoes carr)’ “\ellow jack,’ the fc\cr 
that used to kill one in fite of the Jamaica 
garrison annualh, and spreading \aa the slave 
trade to Africa, wreaked a fearful revenge on 
slave traders and slaves alike It was onlv 
rccefill) traced to the mosquito as the result of 
an expedition in whicli the inv cstigators 
dchberatclv exposed thcmsclv cs to the scourge 
in a manner that ranks amongst the most 
heroic epics of medical research Here, as 


with malaria, the icmcdv lav m dcstioving 
the mosquitos bleeding giounds ind so one 
dav the awful histor) of “vcllow jack” mav 
be closed foi cvci 

PROBLEM OF THE TSETSE FIA 

African relapsing fcvci is earned bv bee the 
intcrmcdiaiy hosts of the fiagcllate causing the 
disease tick carries red watei fever to cattle 
in Xorthern Luiopc and \rabia, Japan and 
Xoith Amciica, another tick transmits the 
biliary fcvci to cattle and horses in East Afnea, 
a third carries the tvphus-hkc Rockv Mountain 
fevci 1 he bed bug is nov under suspicion of 
earning not onlv tvphus and relapsing fever 
but Icpiosv 

The tsetse flv, which causes sleeping sicl ness 
in man and nagara or tsetse fiv disease in horses 
dogs and domestic c'’ttlc, remains a largcK 
unsolved problem Its mans natural enemies 
— insects, birds and reptiles — fail to produce anv 
appreciable diminution of its numbers, but 
1 Itch an ingenious dev ice I now n as the W illiam- 
son trap has vic’ded some success 

The trap is a box, tnangular in section, v ith 
a sht in the apex and a balloon fiv trap mounted 
on the base It is slung honzontall) in shadv 
places, which the files ah avs frequent, and is 
mistaken bv the short-sighted insects for a cov . 
Thev attacJ the “ bell) ’ — ui whicn is set the 
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slit — and Avander about in the “ coiv’s ” empty 
inside until they find a small hole giving access 
to the fiy trap, and once inside they remain 
"What havoc insects may ivork \vith stored 
as ivell as gromng foods is known to all Quite 
as spectacular are their onslaughts upon dead 
timber mcorporated in fiirmture and archi- 
tectural structures The termite s insatiable 
appetite for ^\ood has been already noticed 
In London two famous buildings, "Westnunster 



PRODUCER OF WOOL AND WEALTH 
Australia is the largest pioducer of i\ool, ret the 
sheep IS not a natne of the island continent 
It was among the first animals to be domesticated 

Hall and Boiv Church, w'ere saved from the 
fiirmture beetle only in the mck of time Huge 
oaken beams had been reduced to so much 
' sponge 

On a lesser scale the ^vood-bo^ng w^asps 
obtrude themselves 'WTien unseasoned w’ood 
IS used, the pupae i\athin at last )ueld up the 
perfect insects, ■which may make a dramatic 
entry by appearing from an unsuspected spot 
in a living-room ■wall or even from a table leg 
To gam Its freedom, one of these ivasps has been 
known to chew its way through half an inch of 
timber and a thickness of sheet lead 

Here ^ve must close our summary of what 
has been done as regards the study of ammals, 
and the application of the knowdedge gamed, 
dunng the last hundred and thirty-odd years 


Much unchecked slaughter has continued 
parallel i\ath the i\orld-wade spread of scientific 
and humamtanan societies, great and small 
"We have travelled a long ivay since Richard 
Martin saw the Act for the suppression of 
Bull-baiting passed m England m 1835 

CONSER^TNG ANIMAL RESOURCES 

A notable posM\ ar movement is the founda- 
tion of the Empire Fauna Societ) , i\hich controls 
established ^^^ld life reservations and aids the 
formation of new' ones throughout the Bntish 
possessions Italy is amongst the latest recruits 
to the bird protection movement, and the 
de\elopment of her freshivater fishenes has gone 
forward on model lines The world’s newly 
awakened sense of responsibihty regarding its 
animal resources is characterized by an inter- 
national spirit There is a groisnng tendency 
to pool knowledge and use it for the general 
benefit, which is one of the most encouraging 
features of our restless age 

Canada and the United States possess 
thousands of square miles of National Parks of 
great beauty, ^\here i\ald life is encouraged to 
flouiish under natural conditions Bears, 
moose, deer and an almost infimte vanety of 
animals and birds enjoy a charmed existence, 
protected from the~ inquisitn e and acqmsitive 
instincts of man 

Extensive temtoiy' in the Belgian Congo is 
dei oted to the preseix'ation of its natural fauna 
and flora, including species kno%\'n or reputed 
to be harmful Included m it is an extensive 
forest IS here the rare mountain gorilla roams at 
will The pursmt, capture, kilhng or molesting 
of ans creature, and the taking or destroying of 
eggs, is forbidden under hea\q' penalties 

TRESPASSERS \STLL BE PROSECUTED 

Only those is'ho are pro^vided isath a pass are 
admitted to the sanctuarj' This rule is stncdy 
enforced by the consers'ators and native pohce 
There is also a protective zone around the park, 
the inhabitants of which are not pemutted to 
use firearms or to fish 

The isonderful Kruger National Park in the 
Transvaal has an area larger than \Vales, over 
eight hundred nules of road for wsitors, and 
several rest camps “ We, the ammals of the 
Kruger National Park,” ^\Tltes the ivarden in 
their name, “ appeal for your sympathy and 
fnendship You have been our bitter enemies 
for so long that it takes tune to make us under- 
stand that a new and happier era has begun 
for us — do not betray our trust in you ” 



PLANT AND ANIMAL LIFE DEPEND ON EACH OTHER 
/Plants feed animals, whose waste piodiicts help to feed plants Miniitt /loatimt plants fed b\ the chemical 
products of animals, form the basic food of animals m the sea until lhe\ prey on others 


THE PLANT KINGDOM 


A vast assembly ol lornis is included in 
the plant kingdom llicic arc at least 
two bundled and filt\ thousand kinds ol 
flowering plants rundamentalh the liMiig 
matter shows the same chai actci istics as in 
animals, but plants are mainly a sedentaiv 
group, they icmam anchored in po'^ition b\ 
then loots and do not seem to us to dIspla^ 
much actiMt), lor all their mo%ements arc clow 
One notices that at night dais\ flow cl's ha\c 
closed and the closer has folded up its leaflets 
Ihc same sleep movements aic shossn b\ the 
sensitise plant Mimosa pndica, sshich ssall also 
respond cons ulsis els to a touch, the leaflets 
folding up and falling back Phis is c\ccptional, 
lor the pace of most plant life is much more 
gentle 

Sloss -motion cinematographs has aided the 
understanding ol plant actisity Pictures of a 
plant are taken at inters als ol perhaps a minute 
and arc projected on a screen at the usual rate 

0 


of si\tccn a second The speed of the mosc- 
incnts IS thus magnified trcmcndousls Roots 
ssiitlnng their ssaj pact the obstacles in the 
sod shoots ss 01 king spiralis upssards and 
jostling then ncighbourc, and leases fluttciing 
up and dossn gisc an unforgettable picture of 
purpocelul mosement, maling the serb “to 
segetatc ’ seem a libel on the plant kingdom 
1 he acnal parts of ts pical plants, particularls 
the leases arc coloured green bs the presence 
of a pigment called chlorophyll, s Inch is rcails 
an intimate mixture of ts o green and ts\o 
selloss substances It is of the greatest 
importance in plant nutntion and its presence 
IS one of the mam distinguishing features 
bctssccn plants and animals The htter 
nounsh thcmsclscs bs taGng in solid matter 
dcriscd from plants or otiicr ■’nimals, plants 
with the aid of chlorophsll, male their food 
inside their Ixxlics from simple m'’tcri''!s and 
mas litcralls be said to lise in part on air 

7 
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The plants ^\hlch occur in greatest quantity 
and form a carpet over most of the land surface 
are those ■which reproduce themselves by 
means of floivers and seeds In the e\ olutionary 
scale they are the latest and most successful 
development Besides them there are simpler 
types, the ferns, mosses and liverworts, the 
algae (pondiveeds and seai\eeds) and the fungi 
(mushrooms and their relatives) Some- 
thing of the life and reproduction of these 
groups isall be briefly mentioned after a 
closer study of the life of typical floivering 
plants 

From a penn)nvorth of cabbage seed ise can 
raise a number of plants ^\'hlch represent at 
maturity an enormous increase on the original 
substance — a seed ^^hose weight ^\e hardly 
notice producing a plant of some pounds 
Whence has the cabbage, sitting quietly m its 
place, obtained the material for this groirth^ 
To answer the question we must first inquire 
of -what the tissues are composed 

FOOD OF GASES AND LIQUTOS 

Every housemfe knoi\s that a large propor- 
tion of it IS ivater, perhaps four-fifths, foi the 
bulk of the leaves dimimshes rapidly as water 
IS extracted m the cooking process If by 
heating more strongly all the ivater is driven 
off (“ the saucepan boils dr\' ”), the leaves 
char and turn black, just as a burnt match does, 
the substance produced is charcoal, one of the 
forms of carbon Still greater heating vould 
reduce the leaves to a httle heap of ashes, in 
ivhich the chemist could detect various mineral 
elements, such as potash, calcium and iron 
Besides these he would have found that part of 


the leaves vanished into the air in the form of 
gases, among them nitrogen 

If we cared so to treat a joint of beef we should 
get much the same results, for the chemical 
compositions of living plant and animal tissues 
are fundamentally very similar Noiv the 
bullock obtained its matenal for growth by 
eating grass and other fodder, but plants have 
no mouths and stomachs and cannot take in 
solid matter The only possibihty then is that 
they make use of gases and liqmds Like us 
they are surrounded by the air, a mixture of 
the gases nitrogen, o-vygen and carbon dioxide, 
while w'e know that there is -water m the soil 
and that there are likely to be substances 
dissolved in it 

WORK OF THE ROOT-HAIRS 

If a hyacinth is grown m a glass the level of 
the water continually falls below that v\hich 
would be lost by simple evaporation It is 
obv’^ious that the roots are absorbing it So, 
too, they take it from the soil, although v\e 
rarely can see the v\ater there Normally it 
forms a thin film round the tiny soil particles 
and IS only visible to us in poorly drained, 
waterlogged soil 

Only a part of the root can absorb water 
Cl ess seeds, grown on damp flannel and kept 
cov'ered, will show a fine fringe of dehcate hairs 
surrounding the rootlets from close behind the 
tip to an inch or so farther up These so-called 
root-hairs consist of a single cell with a very 
dehcate wall, which in nature comes into the 
closest possible contact v\ith the soil particles 
and their water films 

To understand the w^ay m which the root 
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ACACIA AWAKE AND ASLEEP 

Left an acacia with its leaves lesponding to the sunlight oj the early morning Right the same plant 

“ going to sleep ” at sunset on the same day 
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hairs allow water to pass in through then walls 
we may think of a limp cucumber which Ins 
been put in a basin of water It will not be 
long before it has been made plump and stifl 
by the entiy of water But suppose we wcie 
pieparmg one for pickling and put a ficsh 
cucumber into brine, we should find it soon 
become limp and wrinkled as watci was with- 
drawn from It by the stiong salt solution 
^Vhcn two solutions arc separated b\ a 
membrane which permits the passage of water, 
the stiongcr of the two tends to draw watei 
from the other until the concentrations of each 
arc equal 

MILLIONS or MINUTE PORES 
The soil water contains salts in solution but 
It IS much weaker than the sap of the lOot-hairs, 
and so watei passes thiough their walls into 
the plant The icsci'sc would happen if the soil 
w ere w atci cd w ith bi me , w atcr w ould be draw n 
from the plant and it would wilt 

Root-hairs aie cxtrcmelj important to plants 
Thc\ arc present in laigc numbers so that the 
total absoibmg area of the plants loots is 
probabh about equal to that of the leasts 
abo\c giound NoimalK we see them lareh 
They arc m such close contact with the soil 
particles that when a plant is uprooted and the 
soil shaken off tlicv arc torn awa\ Tor this 
reason wlicn transplanting is done care must 
be taken to keep a ball of soil adhering lound 
the loots, and to shade the plant for a few da\s 
to present c\ccssi\c csaporation before the 
new rool-hairs base giown to replace those 
which arc sure to base been lost 
Plants, like all li\mg things, arc conlinualh 
losing water Sometimes tins appears as 


liquid drops, as mu he s<cn on the tips and 
maigms of soiiu leases in i irh moimng after 
a waini damp night But most of tlu w iti i 
passes aw as fioni the hates in the form of 
\apoui As a lulc it is guen out iaigeis from 
the lowci leaf sill face Esaminuion with a 
micioscope shows that here the skin of the leaf 
is pcrfoiated b\ minute pores Mthoiigh so 
tun the\ aic piesint in enoimous mimbci's, 
thcic aic as mam as cleteii millions on a 
medium-sircd cabbage leaf Ilirough them 
ncail> all the watei \apour passes foi the rest 
of the leaf IS covered b% a thin film that ma\ 
be likened to a waterproof \ arnish 

1 o some extent loss of w atci can be regulated 
Tael) pore is surrounded bv two sausage- 
shaped cells If these lose water, as when the 
plant begins to wilt, thev change their shape 
and in so doing come closer together and shut 
the opening 

TREES ,\ND RAINFALL 

\ surprising '’mount of water vapour is 
given off bv foicst trees and its effects arc not 
inconsiderable It has been calculated that 
two and a half acics of Icafv beech wood lo'c 
foitv thousand gallons of v atcr daiiv This 
means that the an just above the canopv of 
leaves will be kept cool and damp, and clouds 
arc more likclv to deposit their moisture there 
as ram I his wall drip slov Iv through the 
knes to the so.l, where it can be gr-’dualiv 
absorbed 

A\hcn as so often h'’s Innpencd, virgin 
forests arc luthlcsdv felled over la^gc "'rcas 
and not rcp'-’incd, the r^’infall is 14 civ to be 
reduced When sudden storms occur the b'>rc 
soil will not be ab’c to f’lt '11 the vvatcr at 
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WHY LEAVES ARE GREEN 
Cells with the graiuilai bodies containing the 
pigment known as chloiophyll 

once and there may be floods, while if the land 
slopes steeply the soil may be i\ ashed aivay 
With the watei, the loot-hairs also allow to 
pass in small quantities of the essential minerals 
present in the soil, especially the sulphates, 
nitrates and phosphates of sodium, calcium and 
magnesium There is a possibility that plants 
obtain from the soil minute tiaces of unknown 
substances, which may be compaicd i\ith the 
vitamins essential to animal elfare The 
presence of these may account for the gieatei 
value of farmyard manure and leaf-mould as 
compared with artificial fertihzeis 

RETURNED TO THE SOIL 
Under natural conditions the roots of dead 
plants remain m the giound, the leaves and 
stems fall there, and m the end much of the 
substance is leturned to the soil to be used 
again by other plants But in agiiculture large 
crops are being continually lifted, and it is 
' necessarj"^ to manure the soil to keep up its 
fertility Different plants vary m their require- 
ments Thus the sea kale likes a dressing of 
common salt, -wallfloivers and pinks need lime 
It is therefore profitable for faimers to rotate 
their crops, growing on one piece of land in 
successive years plants ivliich have different 
wants 

A good plan for vegetables would be potatoes, 
follotved by peas, root crops and cabbages 
The tobacco demands potash m quantity, 
before plant physiology was understood the 
original Virgiman plantations tvere tvorked out 


and prosperity passed to neiv soils Now the 
American farmers do not attempt to groiv 
tobacco on the same plot every year, but soiv 
successively tvheat, grass, clover, maize and 
tobacco, returning the ivaste stems and leaves 
of the latter to the soil 

PLANT CHEADCAL FACTORIES 
The pea family, which includes such valuable 
plants as clovei, beans, lucerne and lupin, is 
1 emarkable in that its members actually enrich 
the soil with nitrogen instead of depleting it 
On their roots tvill be found little nodules 
which are inhabited by bacteria These have 
entered oiiginally from the soil and, like others 
theie, aie able to take up the nitrogen of the 
air and manufacture chemical compounds 
fiom It In some way^these are passed on to the 
pea plant, ^\'hIch has thus no need for nitro- 
genous soil fertilizers ^^^len it dies and decays 
a store of nitrogenous food is released for other 
plants With few exceptions the pea family are 
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DELICATE ROOT-HAIRS 
Germinating wheat gram, showing loot-haiis which 
allow water and minerals to pass into the plant 
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WHAT HAPPENS WHEN FORESTS ARE DESTROYED 
I ^urpmtnt; amount of water \apo'tr is ttnen off b\ forest trcis / cn as so after / appens \irpiri forests 
art riit/ilcssh filed o\cr lorpe areas and not nplaited lie rainfall is liUh to be reduced Abo,i a art 
storii in tie Vnited States Below freslih -planted farm lai d hcim; whirled awa\ 77, c reel less dcstr.iciion 
afforests has also iniieli to do ith the ca isit of foods Liabilitx to erosion and oti cr w car,i ^-ai ax processes 

which help to silt up a xeaterwax is ircrcascd 
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the only plants which can use the vast stores of 
nitrogen in the air, and they do so only by the 
agency of bacteria 

The good effect of a crop of tins tj'pe had 
been kno^vn for centuries, though the reason 
^vas not undei stood It has noiv been found 
that actually nhen the plants are still gromng 
they pass out nitrogenous compounds to the 
soil, and so the benefit is at once appreciated 
by neighbouiing plants Pasture land is much 
impioved if sown -wntli a mixtuie of grass and 
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CELLS IN A LEAF 

Highly magnified section of leaf showing the 
diversity of cel Is and tissues 

clover The food value is considerably in- 
creased and nitrogenous fertilizer for the grass 
is unnecessaiy 

Although Its store of nitrogen is not touched, 
the air furnishes a vital part of the plant’s food 
Carbon dioxide, a gas vhich A\e know best as 
the bubbles m soda water and cider, is present 
in veiy small amount, about one in lour 
hundred parts In sunlight or suitable artificial 
light the gieen parts of plants aie continually 
taking in this carbon dioxide and giving out 
ox}'^gen in its place, exactly the reverse of a\ hat 
happens ^vhen ive breathe 

In the plant the gas is decomposed, the 
OX) gen 1 eleased, and the carbon combined ivith 
the hydiogen and oxygen of water to form a 
sugar To split carbon dioxide into its elements 
in the laboratory reqmres a large amount of 
energy In the plant it is done through the 
agency of the green pigment chlorophyll, 
which m some remarkable \vay is able to trap 
the energy of light and use it to bmld up sugars 
WTth effortless ease from water and carbon 
dioxide We should be astonished if a glass of 
soda \vater, left in the sun, ^ras found to have 


become a s^veet liquid, yet this is the transforma- 
tion continually being made by the green 
plant 

Generally the sugar is at once converted 
into solid granules of starch, ^vhlch are stored 
for future use When a plant is prepanng for a 
resting period food may be stored in special 
organs, such as sivollen bulbs and tubers or 
seed leaves That is tvhy the leaves should not 
be cut from bulbous plants until they have 
fimshed their ivork and are yellowang, otherwise 
they will not have made sufficient food to build 
up a good flo\vering bulb for the next season 

WASTE OF THE PLANT LABORATORY 

Not all the sugar is converted to starch 
Some may be used to form oils and fats, 
especially in seeds, and more important still 
are the proteins which are necessary for 
building new tissues In them carbon, hydrogen 
and oxygen are combined with the mtrogen 
taken up by the roots to make substances of 
complex structure Many of the plant products 
which are of use to us, such as resins and 
aromatic substances, and various drugs, seem 
to be the waste materials of the plant laborator)' 
All but the sugars can be manufactured 
without sunlight 

The tremendous activity of the leaf factories 
may be realized w’hen one is told that a rough 
estimate of the annual -world increase in dry 
weight of plants is eighty billion pounds It is 
on this that the lives of the nvhole animal 
kingdom depend Much of our owm food is 
vegetable m origin, while the animal portion 
ot it can be traced in a very few' steps back to 
plant material Thus milk, butter, beef and 
mutton are built up from grass and clover, 
and hens’ eggs are a product of their cereal 
foods 

FOOD PRODUCERS OF THE SEA 

Even in the sea it is the same The herring 
principally feeds on little shrimp-like creatures, 
and the latter on the tiny microscopic floating 
plants \vhich are extremely numerous in the 
upper \vaters There they find sufficient light 
to manufacture sugar and build that up into 
other substances IVithout them the sea -w'ould 
be barren, theie is, it is true, a fringe of sea- 
w'eeds lound the coasts but hardly any animals 
eat them The little plants, ivhose presence 
we hardly suspect, are the real food producers 
of the sea From their store of sunshine the 
cod and halibut derive the -vitamin A ivhich 
they store in their livers, and ivith w'hich 



THE PL\NT KINGDOM 


children arc dosed in u inter to keep them in 
healthy growth 

It IS safe to say that without green plants the 
animal life which we know could nc\cr hav'c 
evoked Without chloroph)ll too the plant 
world could not exist It is true that certain 
bacteria can obtain their foods bv brcding 
down iron and sulphur compounds and so ire 
independent of light and of the products of 
other forms of life Oiganisms might have 
developed further on these lines, but thev 
would have been \er) different from the forms 
of life we know on this planet 

TRAPS FOR SUMIGIIT 

I he need for light dominates the life ol green 
plants riattcned leaf sui laces piovide the 
necessary large area to trap the lavs It can 
often be noted how' leaves on the branch of a 
tree arrange themselves to form a mosaic, so 
that there is as little overlapping and shading 
ns possible So effective ma\ this he that 
haidly anything can glow under a bctch in 
summer 

Stems gencialiy tuin towards the biightcst 
light and so place the leaves in a favouiabit 
position 111 hedgeiows we find cliinlxrs, 
such as clematis iiid biyoiiv, sci imbliiig up 
and up through the branches of haw thoi ii and 
hard to the open Maii> low-giow mg plants, 
such IS piimioses and bUiebclk, flower and 
complete their growth in the spring belorc the 
hedges and vioods arc thick with leaf to shade 
them Fortunately plants v uy in the amounts 
of light they lecjuiic One of the most modest 
in us demands is the aspidi'tia, winch will 
genciallv survive, if not gIO^^, m the darkest 
cornel ol a loom 

Mhen inipioved illumination has been 
instilled in caves, such as those m the Chcddai 
Goigc and at Kent’s Cavern, Forquav, a film 
of giccn has appeared lourid the lights, wheic 
picviously was a baiicn surface 'llouiig feins 
giaduallv dcv'clopcd Probably the spores 
were carried in by air currents and were able 
to glow as soon as tlicic was suflicicrt light 

SOME PLANTS LIKE SHORT D\'iS 

Ihc length of the daiiv exposure to light 
biai-s an interesting i elation to the flowering 
of plants In the tropics da\ and night arc 
loughl^ equal all the vear round In higher 
latitudes a twclvc-liour da) onlv occurs at the 
equinoxes (March 21 and September 22), in 
summer the davs arc long, in winter short 


Some plants arc un-'ffcc.cd In this 11 c 
tomato, though a nauv< of the iropiC' t)‘'‘^niiiii 
America, wi'l fiov\ cr and fimt in tlu B’-unb 
Isles from the longest d ivs dn\ n to one of onk 
eight hours, though outdoors fiost will ilu d its 
activKie's befoic these short davs in n ach d 
So It can be profitabh rulin iterl m glissboii cs 
in the winter 

On the other hand, viohts \ ill onlv IIoimi 
if the davs all less than twelvi houis long, 
normall) the) flower in spring but will do so 
at midsummer if the pi iiits aic coveiid loi 



LITTLE CHEMICVL WORKS 
Altroge/j nodules on the roots of the rid cloicr 
Thc\ arc inhabitid b\ hactiria from the uvl 


part of the dav Corcopuf^ i conimoii girdcn 
plant, needs a long dav u cm b< flow i red m 
winter in a greenhouse with electric light to 
lengthen the dav Quite a \ cal light is 
sufiicicnt 

This reaction to h ngih of dav has to ht 
considered v\hcn new plants aic intiodnc'd to 
Great Britain Thus Cosmos daisv is ^ short 
dav plant. FnirK sowmg wPl i ot m'’lf it 
fiowci faster, often the right dav knclh u not 
reached until soon before the Posis t-^le the 
plants Hov ever, seedsmen '•re succcssfe.]),. 
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LEAF MOSAIC 

The house-leek arranges its leaies so as to take 
full ad\antage of the light 

finding sti-ains winch respond to a longer da\ 
and so flo'w er earlier 

The formation of nndergi'ound tubers is also 
related to day length Dahhas and artichokes 
deielop them ivlien tlie day is short Caiiot 
reqmres a foui teen-hour dav to make tlie loots 
swell, omons form normal bulbs mth a fifteen- 
hour day Fortunately for us our potato is 
indifferent to length of dav Its ancestore in 
Soutli America only form tubers in a twehe- 
hour day% and in England might not be leady 
to dig before the frosts, ivhich are fatal to them, 
have arn\ ed 

PLANTS GRT HEAT 

For their h\nng acti\nties plants require a 
supply^ of energi', as in ammals tins is leleased 
for them by^ the bieakmg down, or digestion, 
of food materials It may' be likened to the 
bmnmg of coal, which geneiates tlie power to 
dii\ e a steam engine 

We have seen that m sunlight the green leaf 
gi\es out oxvgen in return for caibon dioxide, 
but all h\ang parts of plants are continually' 
perfoirmng the revei'se exchange of gases, 
just as w e do w'hen breatlung Oxy'gen is 
taken in, used to break doiim complex sub- 
stances, and the carbon dioxide, w'hicli is 
pioduced m this piocess, is given out Even 
so apparently' lifeless an object as a dried pea 
IS respiring, though in its dormant state the 
fire of life burns so slowly' that perhaps not more 
than one cubic centimetre of caibon dioxide 
w'ould be given out m three y'eam 

In plants the substance broken doira to 


release energy is a sugai , carbon dioxide and 
the water which also appears are the waste 
pioducts and are passed out A ceitain amount 
of the energy' appeai-s in the foim of heat 
tliough we rarelv notice this Sometimes after 
a fall of snow it can be seen that it melts first 
round the plants, which peep up through it 

The sugar w'liich tlie green leaf manufactures 
in sunlight is generally stored as starch grams, 
and these must be broken down again before 
the sugar can be used as food material There 
are piesent in h\ang cells certain ferments, 
whicli work on complex substances in a wai 
which the chemist ma\ find hard to mutate 

LRTNG FERMENTS 

The sight, thought or smell of appetizing 
food causes glands m our mouth to pour out 
sahsa, a fluid containing a ferment which 
reduces starch to sugar, the gastric jmces of 
the stomach digest proteins, such as meat and 
cheese Plant ferments are similar Thus there 
IS a powerful starch-splitting ferment m 
spi outing barlev, which gi\es the sweet taste 
to malt (giams dned after sprouting) Fresh 
pineapple jmce can digest proteins If jeUies 
arc flavoured with it thev wall not set because 
the ferment digests tlie gelatme (a protein) 
There is no action if the juice has preiaously 
been well boiled, for such heat destroys the 
actmU of all tliese Imng fciments 

The constant exchange of gases between 
plant and atmosphere is not ordmaiih ob\aous 



HAROLD EASTIN 


HOW PLANTS BREATHE 
In sunlight the green leaf gnes out oxigen in return 
for carbon dioxide 



THE PLA.i\T KINGDOM 


^ j 


Plants left in a bedroom at night will not use 
enough oxygen to spoil the air, certainl) not 
if the window is open, as it should be But 
where there is a mass of actively respiring 
material, such as sprouting seeds, as in a ship’s 
hold when grain has become damp, then 
quantities of carbon dioxide mav be produced 
This gas IS hca\')' and so wall tend to accumulate 
o\cr the seeds, and may prove vcr> dangerous 
lo an unw'ary approacher 
Roots need oxygen for their respiration as 
much as do the parts above ground So plants 
often do not thrive in heavy soils wath fe\s air 
spaces between the particles, and may be lost 
in winter if the ground is w'atcrloggcd for some 
time Rolling lawns compacts the soil, there is 
greatly improved grow’th if the grass roots aic 
aerated by spiking the ground systematically 

GAS RESPIRED BY APPLES 
Some of the mangroves, which live in 
swamps on tropical seashores, have special 
breathing lOots, w’hich stick up out of the water 
instead of growing dowm into the ground 
I heir tissues arc very loosely constructed so 
that gases can icadily pass in and out 
Stored fruits, such as apples, aic continuously 



MANGROVES 

77itv hn\c special brcaihmg roofs fitch stick up 
out of the Mater instead of groMir.g down 
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MEASURING THE BREATHING OE APPLES 
Stored fruits, such as apples, arc contiiiuoush 
respiring m/uIc still ainc and ripening 

respiring while still alive and ripening Tlic 
little spots in the skin arc special pores of loose 
tissue, the rest of the skin being not casih 
penetrated b% gases If the fruit is kept without 
sufficient \cntilation the accumulated carbon 
dioxide causes the injurx to the flesh knov n as 
“blown heart It is interesting that if the 
concentration is kept bclo\ the clanger limit 
the apples arc unharmed, and there is a dcla\ 
in ripening which can be most profitable to 
glowers, for it means that fruits can be put on 
the market long after their norm'’! season 
Storage at !o\s temperatures in an atmosphere 
ennehed x ith a certain amount of carbon 
dioxide IS commercialK successful in Great 
Britain for Branilcx s Seedling "’nd some other 
apples and is also used in ships’ holds Bx 
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Fioiid of bladdetwort, showing the mtnieious insect- 
flapping bladders that open inwaids onlv 


1935 It was sho\vn that pears could be kept in 
this Avay A\ell into the next summer, and the 
development of gas storage is proceeding as 
fast as research ^vorkers can determine the right 
conditions foi different fruits 

INSECT DIET FOR PLANTS 
Mention of the gas respired by apples leads 
one to recall the observation made in 1 932 that 
the presence of ripe apples in a potato clamp 
retarded sprouting of the tubers, and so 
assisted in their presentation One knows the 
delicious scent of an apple loft Apparently 
one of the ingredients of “ apple air ” is a 
minute amount of the gas ethylene, -which is 
present also as an impurity in illuminating gas 
It IS this ivhich checks the sprouting of the 
potatoes, but on the contrary it hastens the 
ripemng of picked fruit, such as bananas, 
young apples, oranges and lemons, and is used 
for this purpose in America 

A small number of plants, most of them 
Ii-vmg m boggy places where supplies of 
nitrogen are often defiaent, are an exception 


to the general rule, for they have adopted a 
partially ammal diet, consisting principally of 
small insects Ho-wever, they still contain 
chlorophyll, and can manufacture some food 
for themselves 

SUNDEW’S STICKY TENTACLES 

Perhaps the best known is the sundew 
(Drosera), a pretty little bog plant, whose 
reddish leaves are covered ivith glistening 
sticky tentacles If a small ammal touches the 
leaf it IS held fast, quickly the tentacles bend 
toivards it and cover it, pouring out a secretion 
similar to our gastnc juice The ferments 
partly digest the prey and the resultant hquid 
IS absorbed The sundew can be made to 
digest fragments of meat or egg ivhite, but it 
ivill have nothing to do with bits of glass, 
cinders or paper, from ivhich it could not 
obtain nutriment 

Also found in bogs is the butterwort 
(Pinguicula) wnth its pretty mauve flowers The 
sticky leaves are a yellmvish green ivith incurved 
edges Tiny glands on the upper surface 
secrete a ferment which digests any insect that 
IS caught Milk in ivhich a leaf is placed will 
be turned to curds and whey just as by the 
rennet from a cow’s stomach 


r 




IHl PI Wi KINGDOM 



J »'■ U i \ I 

BOG PLANT THAT DIGTSTS MTAT 

f nnunkablc scna of photoffrap/is sIwmiiii’ hon a wndcn leaf rc'-poiuh.d lo l/u iiiiir pu^ifin iff an atom 
of meat luipcnded b\ a hair from a needle Thi umdiH is a pntt\ littk hoc; plant 


Oi a ven clifTcrcnt tvpc is tlic bhddtnsort 
{Vtnculana) which is sometimes found in ponds 
Among tlic ven' finely divided Icvvcs arc little 
hhddcrs with a door at one end, opening 
inwards only Bv some means the plant pumps 
w itf r out of them and the walls collapse The 
tiap IS then set If some tinv swimming 
eicatuic touches certain sensitive bristles round 
the cntiv, the door flics open and the side walls 
spring out The change of shape causes water 
to be sucked m and the animal is drawn in 
witii It The door snaps back, and <is it cannot 
be pushed open from within the picj is secured 
and later digested 

MISTLCTOE IS A PARASITE 
Despite their c\tra food supplv the inscct- 
cuing plants of Great Britain do not w,ix fat 
indeed thev arc fat from conspicuous Much 
mote striling arc some tropical forms such as 
the pitchei plant {j\(fiaitlics) Tiic tip of the 
drooping leaves is prolonged into a tcndnl 
bciring a bnghtlv coloured pitchci, complete 
with hd and a strengthened rim Xectar is 
piodiiccd round the edge Insects come to 
sip It, but as thev walk in thev find the suiface 
becomes ven shppcn, and thev arc led to the 
bottom, where there is a copious secretion of 
liquid Into this manv slip and arc drowned, 
iiid It seems that the pi int absorbs the 
products of their dccav The pitchers ol some 


foinis inav be as miirh is fightein inches long, 
with liquid siifiicitiU to diown a sm ill bud 

Interesting thougii thev lu the flowmng 
plants whirh prev on animals m lint in 
insignificint li iction ol tlu whole We m iv 
Ik glad that thcit Ins betn no such develop- 
incnt as tlic iniaginarv oirhid ol Mi H G 
\\cnss ston. whose iciiai roots fistnied 
themselves like Itcchcs to thnr grower and 
sucked his blood 

A small numbci of plants obtain their food 
lioin the activities ol thnr ntighbours Com- 
pared with these thev mav be s ud to lie 
dcgcnciatc though thev uc onlv iKlnving is 
do manv mcmlKrs ol the antin'' 1 kinedom 
Mistletoe parasitic on apple trees is .a Hrnilnr 
sight It draws on the lattci s s->p but us 
vcllow-giccn leaves manufactiiic nio't of ns 
food Yellow rattle and the little cvc’'uglu 
arc found in poor pastures Mtliough thev arc 
giccn thev onlv develop noinnlh when their 
roots have become attached bv hale suclcn to 
those of gnsses Ihtit is no doubt of the 
purpose of tliese oigans 

w ORI D S L VRGI-ST 11 OW I R 

More dangerous is the dodder wh'ch ^s not 
uncommonh parasitic on gor-c It Ins no 
roots to dr'-w supplies from the 'od but the 
slender stems like a mat of red cotton twine 
round die host, fastening sucl ers deep ir'o 1,5 
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WITHOUT LEAVES 

Dodder fixed to a stem oj heath, on which it is paia- 
sitic It has thiead-like stems and no leaves 

tissues V ai leties ^\ hich pre\ on crops do much 
damage and aie haid to stamp out 

In the most ad\anced parasites the green 
colouiing mattei has been completely lost and 
the leaves are meie scales oi imssmg Pei haps 
the most lemaikable is RaJJlesta Arnoldi It 
groi\s m the jungle of Sumatra, parasitic on 
tlie roots of a inne The \ egetative organs are 
reduced to underground threads, but the floiiei, 
ivith ivaity bioi\n and ivhite petals, surpasses 
all otliei's in size, being quite a yard across and 
fifteen pounds in i\ eight Beautiful it is not 
endowed ivith pieciselv the smell of tainted 
beef, it attracts sis aims of carrion flies 

There are also a feis" floisermg plants is Inch, 
tliough colourless, are not parasitic, but hie 
on the dead remains of orgamsms The queer 
looking and einl smelling bird’s nest orchis 
[Neottia), isdnch is one of the feis' plants found 


m the shade of beech is'oods, obtains nourish- 
ment from the deca^ung leaf mould Hois ever, 
It can only do this indirectly The tangle of 
loots, from is'hich it derives its name, is clothed 
with a mass of fungal threads These pour out 
their ferments oi er the leaves, digest them and 
then absorb some of the products Something 
is doubtless passed on to the plant, but the 
position of the fungus is one of insecunt), for 
IS here it penetrates into the cells of the orchis 
It often is digested itself 

The roots of most of Great Britain’s forest 
trees ha\e fungal threads similarly associated 
\sith them, sshich may help m their nutrition 
\\ hen the fungal companion of the birch fruits 
above ground it proves to be the beautiful 
scar let fly agaric Illustrators of fairy tales are 
much gisen to mtioduang this mushroom into 
their pictures, but they laiely put it m its 
proper place under a biich tree 

A French fresco dating from 1291 depicts the 
Tree of Life as a fly agaric ^\•lth E\e after 
haMng eaten of its forbidden fruit — a highh 
dangeious proceeding 



SCARLET FLY AGARIC 
The beautiful fungal companion of the birch, beloied 
of illustrators of fairy tales 
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Many cultivated plants are constantly 
increased by means of “ cuttings ” — leafy 
shoots as in fuchsia and pink, ivhich root 
readily in damp, porous soil, portions of root 
as m horse-radish, and m begonia cut leaves 
This IS done by man’s agency, but something 
similar occurs naturally In the “ Hen and 



HAROLD RA'TIA 


HEN AND CHICKENS FERN 
So called because complete imiiiatwe fern plants ate 
ptodiiced from the old fionds 

Chickens ” fern {Cystoplens bidbifera) tiny leafy 
buds develop on the fronds and root ivhen they 
reach the ground In the related “ Walking 
Fern” the tips of the fronds regularly aich 
over and root and so it spieads to some 
distance Shoots of blaekberry vail do the same 
Many plants send out creeping stems — 
above ground as m straivberr)^ runners, oi 
below as m perenmal sunflower — fiom which 
neiv shoots arise at some distance and form their 
owm roots Bulbs and tubers are other familiar 
methods of vegetative reproduction 

This type of increase is often highly successful, 
as ivitness for example the invasion of untended 
grasslands of the dry type by the spreading 
underground stems of the bracken, the vast 
crops from “seed” potato tubers, the groves 


of the seedless orange produced by grafting 
In ISOS there ivere in existence only three 
bulbs of the w'ell-knowm narcissus “ Bath’s 
Flame”, thirty years later it was estimated 
that there ivere about mne and a half millions, 
all descended by vegetative reproduction from 
the original three 

In 1842 the Canadian ivaterweed [Elodea) 
first appeared in England Only plants of 
one sex were present so seed eould not form, 
but vegetative leproduction by portions of the 
plant breaking off ivas so rapid that in a 
lelatively short time it i\as choHng the ivater- 
wavs, now there is probably no nver m the 
country which does not contain it 

PARENTAGE BRINGS DEATH 

How ever, it does seem that sometimes 
continued vegetatn e reproduction iveakens 
the vigour of the plant, and it is anyhow true 
that nearlv all plants possess, hke ammall, 
a means of sexual reproduction In flowering 
plants this pieeedes the formation of seeds 
Often It leads to the death of the parent, as m 
annuals In order to prolong the life of their 
plants gardeners pick off the “ dead ” flow'ers 
these are very often those which are setting 
seed and are really very actively forming new' 
In mg units After long years of sloi\ vegetative 
giowth the century plant {Agave Americana) 
1.1 a few' weeks throws up its immense spire of 
creamy flowers and after fimting dies 

Some butterflies never even feed, they emerge 
fi om the chrvsalis, pair, and i\'ith the lading of 
the eggs their lives are ended Ivlany examples, 
from high to low m the scale of evolution, could 
be drawn to show the truth of Sir J Arthur 
Thomson’s statement that “ In the dawn of life 
immortahtv was paw'ned for love” Shorn of 
the emotional complications of human parent- 
age, sexual reproduction appears as an unselfish 
proceeding 

PRODUCTION OF NEW TYPES 

Biologically its most important sigmficance 
IS the possibility it gives of the production of 
new' t)'pes fiom the union of ti\'o parents inth 
diffeient characteristics, which l .ay be re-com- 
bmed m their offspring Thus if a choice pansy 
is to be preserved, cuttings must be taken, if 
grow'n under the sajne conditions these will 
repeat exactly the original type If the seeds 
it sets were sow'n, there w'ould almost certainly 
result a variety of foims, none necessarily the 
desired one 

The essential feature of sexual reproduction 
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LUXURIANT GROWTH OF THE CENTURY PLANT 
The cciifiin plant, oi Anwttcan aloe, which after lonii \cars of ilow iccetatni growth thrown tip an tnwuneL 
ipirc of creann flowcr\, and aftci fnuting dici Its natne home n Mt \wo and Central innnea 


IS the union of U\o distinct nnlc and fcimle 
elements, Irom which the next gcnciation aiiscs 
The sex-cells ate \ciy liny, ind it is nich 
possible to sec them oi then union in flowciinq 
pi lilts Other lowci foinis of life are mote 
simply consti ucted, and in them the details 
arc moie easily observable Few objects aic 
more fa\ out able in this lespcct than the 
common bladdci-wi ack, a biown seaweed 
clnraeteii7cd by the aii-ijladdcis on its fronds 
and hequenth found in abundance on iock\ 
sea shoies 

SPERMS or THE BL \DDER-\\TL\CK 
The rcpioductisc elements arc formed in the 
fat juic\ tips If plants aic collected and kept 
out of walci o\crni!jht it will be found tint 
slime of two diffeienl colours has oo7cd from 
some of the tips The oiantjc contains the 
male spriins, the otlicr is colouicd olnc-grecii 
or brown b\ the cgi^ As alwass, the sex- 
cells are \cn small, but those fortunate cnouch 
to ha\c die use of a microscope c-an now 
obsciac an cnUiralling biologic drama 


Diojjs of the shine aie added to a little 
sea-water on a glass slip e\(n with the iialed 
e\e It can be seen tbit the\ at once mingle 
iiilimateK Uiidei magnifiration the cegs 
appeal as lelitneh luge, louiided bodns 
Iloating passiseh Round each lagcs a furious 
commotion as a crowd of tins sperms besiege 
It 1 isliing to and fio the little beating hairs 
In means of is Inch thci dnie theinscKcs 
thiougli the watei \s thci swim actiieli 
Old Its surface and wriggle against it thci 
eien cause the egg to spin round 

ARTIIICIVL STIMLTATION Of EGGS 
SuddenK all is quiet the sperms moic off 
clscwheie, that paiticulai egg lias cc-iscd to 
'•tiract them and i e I now then tlmt a male 
element has penclr-’ted into it I he ii o liaic 
become united '>nd the egg ic said to be fenih 7 ( d 
It can noi. begin to diiide '■nd produce a rci 
plant .Vitificial stimulation of the eggs of the 
bladdes-isTack someumes induces ti’cm to 'tart 
growdi wathout fertilization bi the male, but 
this ncici proceeds \cn far 
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BLADDER-WRACKS 


Fronds of these seaw eeds, sho^\ ing the air-contamwg 
bladders by which thev aie snppoited in the i\ater 

Particularly interesting is tins to watch, lor 
oui oivn oil gins are not dissimilai The human 
egg-cell IS a little motionless speck of jelh of 
about the same size, that is to say just visible 
to the naked eye It is, howe\ei, shelteied in 
the body of the mothei, into wluch are intro- 
duced the sis'arms of sperms, again minute 
bodies si\'immmg actively It is somewhat 
humihatmg to consider oui small beginnings, 
but there is plenty of food foi thought in the 
problem of hoiv these little globules, almost 
structureless to our eyes, can gio'w into such 
complicated and different orgamsms 

MALE AND FEMALE CELLS 
Like the bladder-i\Tack, floi\ ei mg plants have 
their male and female cells, but they are not 
so easily seen inside the floiver T^'pically the 
latter consists of four diffeient kinds of struc- 
tmes Outside are the green sepals ivhich 
protect the rest in the bud stage Then come 
the petals, often large and brightiy colomed 
Within are a number -of stamens, delicate 
stalked structures wth heads full of tiny pollen 
grains ivhich generally look like golden dust 


In the centie is the ovary \shich encloses the 
embryo seeds At its tip is the sticky stigma, 
often borne on a little stalk 

By \arious means the pollen grams are con- 
veyed to the stigma, AsLere they adhere There 
they are stimulated to put out each a little 
tube, is'luch groi\s doism into the ovaiy' and 
makes its i\ay to an egg-cell Then from the 
tip of the tube the male cell emerges and fuses 
with the female, fiom their umon a seed grows 

FERTILIZING PARTNERS 
At least one pollen gram must be pro\aded 
foi each seed, more to allow for i\astage 
Compared with their size the pollen grams 
put out veiy long tubes, and it is remarkable 
that they are able to find then "way to the right 
spot In ciocus flowers they have to go from 
tlie featherj' stigma perhaps four or fi\ e inches 
down to the ovarj% hich is underground close 
to the conn On their journey they are 
nourished by cells secreting a sugarj substance 
A glance lound a garden wall shoi\ ivhat 
varied t\y)es of flois'ei there are One mav 
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FLOWERS AND FRUITS 
Left fruits of the plane tiee Middle male flo^ser 
Right female floy\ er 



IHL PLANT KINGDOM 


w_f ijir opc-n cups of popp\ uid iru moiu %\ilii 
ilicir clusters of sninens, tlic funncl-sinpt d 
cori\ol\uIus, the msturlium witii i lone; spur 
f \cningpninioscs ind night-sc( nted stocf winch 
do not unfold their petals until dusl , pansies 
prcitilv marled hie kittens’ faces the biittcifls 
flowers of sweet pea, the dnis\-hke mangold 
,ind perhaps here and there among tlu wealth 
ol colour and bcaut> of form tlu inconspicuou>- 
and unwelcome flowers of the prolific nettle 
ind groundsel 

] he diffeimg charaeters of these and othei 
flowers cm laigely be lelitcd to the methods 
b) which the pollen is con\e%cd to the stittma 
Often the two ire so close together in the flowei 
that It might be imagined the mere tiemblmg 
in the bice/e would cflect it, and indeed this 
sometimes h ippens But it seems to be .a 
general lulc in natuie that better i exults arc 
obtained if the pollen comes fiom another 
flower (of com sc of the same kind) and cross- 
pollm ition takes place Man^ flowers ate so 



mr'-!"’ ni -t"' 

PARTS or A I LOW PR 
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constructed that it is impossible for them to 
fertihze themselves, either because of the 
relative positions of the organs or because 
stamens and stigma are not ripe at the same 
time 

Some cultivated fruit trees are completely 
self-sterile and are so particular m their matings 
that only a few other varieties can fertihze 
them Thus if the black cherry Early 



Top, Not way maple Below (left) svcamore , (light) 
lime Bottom (left) field maple , (/ ight) ash 


Rivers is planted it must have a suitable 
partner, such as the yellow Governor Wood 
If there is room for only one cherry m the 
garden it must be the sell-fertile Alorello 
If a Cox’s Orange Pippin does not fruit it 
may not be the fault of the weather, the tree 
or the soil but only that a suitable pollinator 
IS not present So it is recommended that 
orchards should be planted inth a number of 
different varieties of apples, so that there will 
be m flower at the same time types ivhich can 
fertihze each other 

The light dusty pollen of many trees and 
grasses is carried by the wind from plant to 
plant With this haphazard method there is 


bound to be great wastage, and large quantities 
must be produced Sufferers from hay fever, 
to whom the grains are intensely irritating, 
find grass pollen so widespread m June that 
It IS difficult to avoid getting it into the nose 

The pollination of the great majority of 
flowers is related to the visits of insects, especially 
bees, but also ivasps, flies, moths, butterflies and 
others Pollen adhering to the body of an 
insect may be carried from one plant to 
anothei, and if it reaches the stigma may 
enable good seed to be set The animal plays 
no conscious pait in the transfer, its visits are 
only occasioned by the search for food Pollen 
forms a good source of proteins and tats, while 
many' flowers also provide a secretion of nectar, 
a sugary' fluid which alter partial digestion in 
the bee’s crop is pumped up again as honey 

GATHERED IN POLLEN BASKETS 

Neither of the two groups of insects and 
flouermg plants appeared until a relatively 
late stage in evolutionary' history It is remark- 
able ho\s' the structure of many of their 
representatives has developed together so that 
the one act ser\es the different purposes of both 
organisms 

Bees are by far the most important flower 
visitois Pollen is collected by the jaws and 
front legs, as well as being picked up by the 
feathery body hairs It is gathered up by the 
hind legs and finally pushed up into the pollen 
baskets formed by a holloiv, walled in by curv- 
ing hairs, on the outside of the shin of each 
hind leg Humble-bees can be seen with 
bulging loads of pollen as big as their heads 
Nectar is sucked up by a tubular structure 
which can be protruded at ^vlll from the 
mouth 

BEES ATTRACTED BY COLOUR 

We may wonder how the bees manage to 
find the flowers Although many appear con- 
spicuous to us, w'e must remember that other 
animals may not have the same senses as ive 
Dogs for instance can appreciate different 
degrees of brightness, but are almost colour 
blind Bees can distinguish blue from y'ellow', 
but red appears dark to them In their visits 
they' show a marked preference for blue 
flowers, yellow coming next m favour Their 
sense of smell is much the same as ours, that 
IS to say It IS not very acute and nothing like 
so strongly marked as m dogs or m some 
moths, ivhere the male can scent a female a 
mile away 
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Thus the bee asuII first be attracted by the 
colour of the flo-weij scent be an additional 
guide as it appioaches, wlule ^vhen quite close 
there may be petal markings, such as a 
hght eye, scatteied spots or lays ^vhlch 
^\^ll aid recogmtion of particular types of 
^lo^vers 

Hive bees have evolved a remarkable kind of 



TIVrOLD BASTIN 

PLANT AND INSECT PARTNERS 
The yucca can only be pollinated by its moth 
Pronuba, whose caterpillars live only on the plant 

sign language by ivhich they commumcate ne\\s 
of the floivers When a woiker bee (sterile 
female) returns to the luve from a iich souice of 
nectar she disgorges the honey, and then dances 
lound m circles She is excitedly ivatched by 
others which croivd round and “ sniff” at her 
wnth their feelers Then she depaits 
The dancing has conveyed to the others that 
there is plenty of nectar to be found, w hile the 
particular flower scent chnging to her has given 
them a clue where to search Besides this they 
may find later that she has left her ois'n mark 
on the flowers visited by exuding over them a 
httle “ bee-scent ” from special glands in the 


tail If supplies are poor there vill be no 
dancing and no more woikers set out 
When the ne\\^ is that pollen is abundant 
the dance is of quite a different type, rather a 
swaying to and fio, Avhile the pollen grains 
which are carried have their oito distinctive 
smell 

TRANSFERRLNG THE POLLEN 
As an example of a floiver \'isited by bees iv e 
may take the foxglove Its spire of spotted 
bells IS a conspicuous sight, and humble-bees 
\isit it from dawn to dusk m fine weather 
They alight, push then way into a floiver and 
protrude the sucking organ to draiv up nectar 
fi om the bottom of the tube The four stamens 
stand pressed against the upper side of the tube 
and pollen from them \s ill be rubbed off on to 
the bee’s back The stigma stands m much the 
same place as the stamens, but is slightly more 
forwai d, so that is likely to be tlie first to touch 
the insect and pollen from another plant may 
then stick to it Of course, \vhen departing, the 
bee might transfer the flois'er’s owm pollen to 
the stigma, but this is not likely because the 
latter is usually not ripe until the stamens have 
shed their pollen If insect %TSits are prevented, 
seed is not set 

The tale ol the fig and its w asp has been told 
many times The cultivation of the Sm^orna fig 
in the United States proved impossible untJ 
the light insect was bi ought there to effect 
pollination 

PLANT AND MOTH PARTNERSHIP 
An even moie remarkable example 6f plant 
and insect ^\'Olklng together is probably that of 
the yucca and its moth Pronuba, foi the floiver 
can only be pollinated by this moth, ^vhlle its 
caterpillai'S live only on the yucca It forms a 
handsome rosette of stiff, pointed leaves ivath 
large bianchcs of creamy bell-hke floi\ers, 
w'hich are scented at night The female moth, 
after being fertilized, visits a floiver and makes 
a big ball from its pollen, then she flies to 
another and deposits her eggs in its ovary, 
climbs up and places the pollen on the stigma 
Fertilization is ensuied, the seeds develop and 
with them the caterpillars, theie being suffiaent 
seeds to feed the lattei and leave a fei\ to ripen 
Then the catei pillars fall to the ground, pupate 
there and the moths emeige next year just at 
the time the yucca flo\veis open 
There aie many other \vonderful aiiange- 
ments, but one must admit that the serpent 
sometimes enters into this Eden In many 
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floHrrs f}»r ncctnr n at the base of a Jon" tul)'' 
thtorctinlK only certain inscct5 arc iblc to 
riacJi n, and in so doinq asill pollinate tht 
fio\ er 7 he snapdraqon can onK be pollinate 1 
l)\ large luirnblt-bccs aUiosc v eight is sufiicicnt 
to opt n the closed lip of the fio>\cr Ihit other 
shorter-tonqued bees have learnt to bite throuqii 
tht tube farther down and then reach the 
nectar from the side 7 lie robbers do not touch 
either stamens or stigma, and so the mechanism 
of tin flower is defeated 

\\ORK or HUMMING BIRDS 

It IS astonishmq to watch butterflies and moths 
visilinq flowers and putting out tubes for sucking 
nectar The tubes may be as long as their 
bodies, l)ut can in in instant hi coiled up like a 
\ alch spring Moths mosth \isit long-tubed 
flowers such as honcssuckle, which arc strongh 
scented at night and gcncralK pale coloured or 
white 

Butterflies h\c up to their proecibialK rosing 
disposition, tiny flit from coin ols ulus to pink 
anel then peih ips to soim thin ; quite diffeient 
7 lie pollen thc\ might cai r\ fi om one to another 
would be of no usi 

liieic aie a fi w unusual pollinating agents 
In the tiopics main laigc, brighlK colouicd 
flowci's particul irh led OIKS, ire pollinated In 
the tun humining birds is thc\ ho\cr m fiont 
of tin III and nisei t then loi^ thin beaks m 
se aicli of met ii 

1 \eiA seal in the autumn tlicie arc reports 
oftlusi birds aj)[)caimg in riigland rinsaie 
doubtltss confused with the humming bird 
hiwk-inoth \s the Inters long proboscis is 
pushed into i flowei the wings flutter at giea* 
sp ed the h Ilia bode wi'h flitteiied tail has 
the shapt of a bird s and onle the intcniiT on 
the he ui betrn's its natiirf 

GI Wr ARUM S BRISONCRS 

\ few plants, m iin of the ai inn le pe hae c an 
CNtiemele unpk nant odour and In id co'oin 
1 lies are iltricted to them as to rotting Uesh 
I he wild arum is of thn 1 md though its sm^li 
IS mild compas-ed \ ith main of us ichtncs 
Ihtre IS a green she'>thmg sp-nhe with i 
eshndiK il sinicture inside teimmatmg m a 
puqile spile Small mttets fi\ do.en the tub- 
pist i ring of (low in ard pomtmg hairs "nd 
find themstKc impped '>1 tin has Ih’ imr 
P’-e\<iu them liom fbmg out ->n 1 ilthough 
thc'Y Would i),' roo'n fo'' them lo cr'’\ 1 out 
the\ nnnot qipncith c’o s„ V; p, Svuim 
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SEEDS AS TRAVELLERS 
A seed of the spotted oi chis weighs only one-fifteen- 
thousandth pat t of a gi am It may ti avel many miles 

of the spike are female floivers ivhich may be 
pollinated if the flies have \asited another arum 
In a few days the sheath isuthers and the 
captives can emerge, in so doing becoming 
dusted ^\'lth pollen from the male flowers, 
higher up the spike, which are noiv ripe One 
giant arum, Amorphophallus, has a “ flower ” 
of this t}fpe about six feet high Its stench to 
us IS almost insupportable 

POLLINATED BY SNAILS 
The domestic aspidistra, a native of the 
forests of Eastern Asia, sometimes produces 
quaint browm floivers, lying just above the 
surface of the earth It is said that in nature 
they are polhnated by snails crawling ovei 
them 

Occasionally, man has to perform the 
marriage ceremony So gardeners dust their 
peach flcwers ■mth a brush full of pollen in case 
insects do not enter the greenhouses The 


cultivation of the vamlla orchid was introduced 
into Java, but the humming birds and bees 
which normally polhnate it were not there 
When the flow^ers open, w'^omen go round 
pollinating as many as three thousand flowers 
each a day The seed then sets and the scented 
pods form 

SEEDS THAT EXPLODE 
A few exceptional plants can set seed -without 
fertilization This happens frequently in the 
haw'kiveeds Cucumbers and some apples 
lequire to be pollinated before the fruit ivill 
develop, but the lattei ivill continue to grow 
ivithout seeds forming A cucumber -with seeds 
IS no use foi eating This behaviour is not 
particularly desiiable m apples for the shape of 
seedless fi uits is not good 

A flowering plant usually produces many 
seeds, but such is the competition and ^vastage 
that the numbcis of the different species remain 
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WILLOW-HERB OR FIRE-WEED 
The seeds of the willow-heib beat tiijts of light hairs 
that enable it to be earned by an cuiieiits 
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rnor< or ir;*' the sinic 0\ f rcrow dine would 
toon cliolc them if the ^ceds \.crc not di-sportcd 
tome distina Irnin tiic pirtnt A few pHnts 
nrc ^bIt to do this foi tlicmtclvcs On a hot 
summer’s day one ma^ hear tlic dr> gorsc podt 
suddenly splitting in half and therein flinging 
th( seeds sesernl fett through the air Inci- 
dcntalK, ants ire said to find them attrictivc 
and in.i> carr) them still farther awa\ Ripe 
fiuiis of the touch-m<-not hdsam aze in such a 
state of tension that if tourhed lightK thes 
f vplodc \ Kill nti\ and tiic seeds shoot m all 
diuciions 

DISPFRSVL ny WIND 

I he most usual agency of dispersal is wind 
1 he seeds of orchids aic sen minute and float 
in the in for long distances possibU hundreds 
of miles So numerous arc they that Darwin 
calculated that the grcat-gi andchildicn of a 
single plant of the spotted oichis would, if they 
all Ined, co\(i the whole surf ice of the earth 
with a uniform green caipet So light arc the 
sfuls that each weighs onh onc-fiftccn- 
thousandth pai t of a grain 

Htasicr seeds may be so constructed that 
llu) do not lall at once to the giound and aic 
earned some was b) air curicnLs The seeds 
of the willow -hcib bcai a tuft of light hairs 
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f/’E'c t/u III tic eel of k! idj !!^ a her 
del, / (>/ izi s icn wa'- 



NATURES 0\NN P \ R VCm'^TE ” ’ ' 

7/« paiaclmh hliicli '^itppom tin uni of iht cal »- 
car and Hcuni Us ditpi/ml /n air 

It has been noted sctcial times that building 
sites in the heart of London ha\c been nnaded 
b\ siu ets of this plant, the '-ceds niu'^t ha\c been 
tianspoitcd ■:oine distance In \niiiira ilu 
willow-herb is knowai as tlie fire-wied not on 
account of its colour which is a somes h it 
puce pink but because it appears so fit rjui ntl\ 
on giound whcic the oiiginal \cgetatinn h 's 
been dcstioecd b\ fire 

mSGS or THE S1iC\MORE 
1 he hairs p'>iachutes of the fruits ofd'’nd( non 
aic well knowai while the lightness of thistle- 
down IS provcibial The much hcuicr liuits 
of sscamorc Ir’sc two lug s mgs and spin 
through die air Seedlings often spnng up m 
gardens some \ a\ from an\ tier 
Some fruits arc earned In . atcr 1 he 
coconut ishich we cat rcalK conespouds to t’u 
stone of a plum Mlicn 'hed it n sunoimo^d 
In a thick filnous co-'t, from which com .s 
derned If it falls into the 'ca u c-'ii fin-, 
ni''n\ miles and so \ e find l! coconut p hii 
IS a idcsprc-'d on all trop,ca! co-'sm 
Animals, too, pin an imr>o’'t'’nt p''rt, c.'nn- 
ing seeds c’thc- ins'de or otn'.cc the r t ocmes 
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HOOKED FRUIT 

The fruit of the grapple plant hooks itself to any 
passing beast The pod splits open when ripe 

The hooked fiuits of goosegrass catch easily in 
furr}' coats and may be rubbed off later some 
distance ai\ay \Vading birds carry- away the 
seeds of Mater plants in the mud adhering to 
their feet Squiriels bury acorns and nuts and 
often foiget their stores j ivluch may later produce 
seedlings 

A plant which itself buries its fruit is the 
monkey- oi pea-nut Few- of the millions who 
eat them reahze that ^ they haye deyeloped 
underground The plant is low- and bushy 
ivith small yetch-hke flowers After fertilization 
a stalk beloiv the fruit elongates, grows dow-n 
and bmies tlie young fruit in the soil It w-ill 
not deyelop if kept in the light 

CARRIED INSIDE BIRDS 
Jmcy brightly coloured fruits, such as haws, 
make a special appeal to birds The seeds 
inside them haye a hard coat and pass unharmed 
through the digestiye system They may be 
carried a considerable distance before they are 
dropped " Hurrah ' ” wTOte Dan\m to a 
fnend, “ a seed has germinated after twenty- 
one-and-a-half hours in an ow-l’s stomach 
This would cany- it God know-s how- 
many miles ” 

The stork's-bili is so called because the long 
a^\-n or beard attached to the seed pod resembles 
at a distance the beak of the bird after w-hich 
the plant is named '\NTien the seed falls to 
the ground the aw-n acts as a kind of auger, 
assisted by a number of flexible hairs that help 
to keep the seed in position The var^-ing con- 
ditions of the atmospheie make it twist and 
untwist, so that e\ entuaily it bores its w-ay into 
the ground and the seeds geiminate 
Man plays an impoitant part in cariying 


seed to new- places Alien plants are often 
accidentally introduced from abroad with seed 
of other plants, or amongst cargo, ballast or 
packing Many, such as the winter hehotrope, 
haye escaped from gardens but have become 
thoroughly well estabhshed here in the wild 
Sometimes w ell-meamng people try to beautify 
the countryside by sowing seed of some favoimte 
cultivated plant Usually the expenment fails, 
for conditions in a garden, w-here the plants 
are carefully nursed and competition eliminated 
by w-eeding, are quite unnatural The practice 
is Mew-ed with disfavour by botanists 

MENACE OF THE DANDELION 
Occasionally it is successful Every year the 
Northumbnan Roman IVall is brightened by 
the purple flowers of a little Spamsh plant, 
Enmts alpinus People have liked to imagine 
how some Spamsh legionaiy- centuries ago 
brought It theie to remind him of home 
In reality- a local clergy-man planted it and, 
conditions being to its hking, it has flounshed 
Not uncommonly alien plants find the new 
surroundings so favourable, that with then 
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PLANT GLIDFR 

Seed of Zanonia, {^hda from the parent plant 

and wmcitincs n earned a cannderabk distance 
In air ciirnnls in its natne Ja\a 

mliinl cntmics absent thev incitasc bv kips 
and liounds Daisies, pi intains and d indclions 
ai( .as common in Nortli Amciican lawns as 
in those of Gre.it Britain, but .all ori<;matcd in 
I uropc I he dandelion has spicad so success- 
fully as to be knm n as the \cllo\\ peril In 
vaiious parts of the woild homesick Scottish 
colonists ha\e giown and cherished plants of 
thistle ind so idded to the tioubles of later 
ytais Bi ambles, mil oduced into New Zealand, 
hue become a gigantic menace 

USrrUL BUT obnoxious nctiic 
Many an .alien plant nouiishcs on the banks 
01 III the Wald'S of Dngland s slow-flowing 
livers uid canals Mention has ahead) been 
made of the Canadian pondweed, winch first 
made itself known in Great Biilam m Market 
Haiboiough some eights scars ago Although 
It has ncsci been known to pioduce seed in 
the countn of Its idoplion it manages to 
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huts of th cprn-hhuhntk pint 77 ci rt^cnh'c 
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flounsh excfedmgK and % uh c%cn ere ite- 
persistence th m the proscbnl bu trie 
A plant which is a n ituc of \fiR.' ami Indn 
in''de its appi ar^nce "’ll ui iispcritti ii m 
Dnglish canal PrcsiimibU it had foui d us 
wa\ In means ol a consignment of 1 'up'ian 
cotton sent to i mill Sri fir u is Inown it 
had secured a roothold on 1 uinjnan senl onI\ 
once before, m northern It iK Ihric it had 
been clnpcroned In k'st Inch in nee Other 



lur i*» r.* N 

known as thc yellow peril 

Dai.dilions arc as common in \ortii im^rican !ai rs 
as in those of Gre at Britain All origii ate d ir Buropc 

importations ha\c included alga: from \racnc.a, 
again due in all probabthts to a bale ol cotton, 
though on this occasio.i Irorn the southern 
United States 

Nettles are b\ no me ins m the good booluS 
of the agriculiiinst and the gaidencr set ihe% 
setae quite a number o'" useful purposes Mans 
specie:s of birds which Inc on insects find t! c's 
faeounte food on the fin. ers "’nd Icier 
the latter abo ■’fiord caccBcnt cO\C'' or il cm 
nersts ■’nd eggs T nc sh'’dc Jica me idc ’«e 
5cxurcs'’ccrtain'’n’ounto‘’rao stu’'cintbctr'oni d 
where tlicv arc roo'cd Tins is apparciatcd 
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by snails, -which are eaten by birds that do 
not appreciate an insectivorous menu 

The caterpillars of various butterflies, includ- 
ing those of the red admiral, peacock and small 
tortoiseshell, and the tiger moths find the 
leaves of the common stinging nettle to their 
liking Pei haps the most cuiious use to ^vhlch 
this -weed, at once so obnoxious and so useful, 
IS put IS for stopping leaks m barrels The 
juice IS rubbed bet\veen the staves, and ^vhen 
hard has the same effect as caulking on the 
wooden deck of a ship 

Many millions of acres m the north-^vestel n 
parts of the United States are covered -with a 
plant called Australian saltbush Foi long it 
was legal ded as a Aveed that seix^ed no useful 
purpose, a mere encumberer of the ground on 
which it thrived all too well As the eaith 
ivas and and nothing else seemed to thrive on 
It, little or no attention As'as paid to the plant 
until a lancher, finding by accident that his 
sheep took to it readily, decided to make an 
experiment and alloiv a flock to graze on it 
The lesult was amazing, for he found that the 
animals flouiished exceedingly They pioduced 


considerably better avooI and better mutton 

Another plant with good and bad qualities 
from a human point of view is spartina or rice 
grass It is of considerable value on muddy 
flats, such as the sea invades and by slow degrees 
wiests from the land, because it helps to 
consolidate the soil and renders it valuable 
grazing land It appeared apparently from 
nowhere m the neighbourhood of Southampton 
Water Unfortunately, its excellent beha-viour 
IS not evident in na-vigable waterways, where it 
becomes a menace Some years ago about a 
hundred cuttings of spartina were planted on 
the sea side of a ^vall which appeared to be 
doomed by the constant pounding of the waves 
Although only a few of the plants survived the 
ordeal, they spread so rapidly that both the 
wall and the farm it protected -were saved 
The shrubby sea bhte {Suadba sruiacosa) is also 
an important beach strengthener, and there 
aie kindly plants which bind together the 
sandhills 

“ Nature,” it has been said, “ is conquered 
by obeying her, and man is but her puppet until 
he leal ns the lesson of obedience ” 
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SPANISH PLANT ON THE ROMAN WALL 

The Not thianbi tan Roman Wall is biiglitened by the put pie flowets of a little Spanish plant called Erinus 
alpmus {inset) It iras not bi ought by a legionaiy centuries ago, but planted by a local cleigyinan 
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WORLD S MOST REM\RkAnLi; LF \1 

Tin (X(iiii\ilc haf of the lattice plant a iintnc of Madagascar, which f,r(n\s iiiuhr watir T7u ha\t s craw 
to a hn};th of soim cifthtccii inches tn the largest spicinuns, and consist for tlu luost part of im s 
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P I AM'S, like nnimals, arc built up of a In me; 

substance., known .as protoplasm, and its 
pioclucts Piolophsm appc.ars to be i^cncralh 
a scim-solid jell) , asc can analvsc it cbcmicalh 
and find its composition, but no om can put 
tlu sc substances toecthci attain and ricate 
Inini; mattci 

] he pi ml bod) consists of mans tim units 
called cells, these when In me; contain sap 
suuounded b\ a laser of piotoplasm m which 
IS a special bod\, the nucleus as Inch controls 
tlu nrtnities of the cell Each is enclosed ba 
1 film avail of a substance called cellulose 
C< 11 av alls make up much of the mass of plant 
tissue human be nuts arc unable to dittcst the 
C( llulose but the bulk it provides stimulates 
tlu moacments of the intestines 

C ells maa be considere'd the bricLs of which 
the plant boda is composed At ceitam grow- 
im; legions partirulaila the lips of the loots 
and shoots cvisting cells aic contimnlla dnid- 
mg into two and producing new units \t 
fint thea ate roughU cubical, but •’s the a glow 
thca develop on different lines according to the 
parts thea have to plaa 

'some change their sh-vpc little 1 lu pulp 
of Inuts IS fonned of cells of this tape Pcs'des 
cclhdosc there i< p'-e'sent in the aa-’lls a gelatinous 


substance known as pectosc It is this a Inch 
causes ) iin to set , it is most alnmd int m 
under-ripe fruit 

Other cells maa bcconu stutched out .and 
develop thick w ills ’liuse form fibres a huh 
strengthen the pi mt \\hcii thca are acta 
long and strong as m stems of flax and hemp 
thca aic important to m.an 

Much of the bulk of stems and rcuits the 
ti links of trees and the veins of leaves is in-’de 
up of wood llu cells become dr'-wn out 
Icngthwaas, then ha mg contents ind the cross- 
avails between them disappear 'o that long 
tubes arc fonned as a hen dr^’in-pipe^ •’re laid 
end to end Flie w dls '•le alteied to a a ooda 
substance 

Giowih in trees is more r^pid in sp-mr. than 
in siimmci and hrgc' a ood chmerts aj-c 
fonned then 'I he sudden transition from the 
close sumnu’- a cvhI of one ac^r to the ope i 
spnng a ochI of the next is acra mu’ to and 
shows up as a img a hen a trun’K n cut >c'oss 
Ha counting tlu inimbcr of annu ' rings t> t 
age of the tree is found 

I.i the irop'c^ a lu'c there is hide OifTc'-r re 
bciwcen the scacQns gro. th p'ore^ds easa^ 
and nngs arc hardia no .ce-b'c /-s 

groaah IS s’oa giving c'o''' heg - <x-.'S s eh 
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as ebony In the balsa tree it is rapid and the 
\\ood elements are so light that tlie -wood is 
more like coik It is used in cinema studios 
to make the woodwork for knockabout 
comedies, a bloi\ ^\■^tll it isall not break an^ 
heads, but it can easil) be shattered 
The tubes foimed bv tlie wood elements 
conduct water and mineial salts fiom the roots 
to tlie lea\es Exactly hm\ thev aie pumped 
up, sometimes mam feet, remains more or 
less of a m^•ster^ In the spring at least there 
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SECTION OF YOUNG OAK 
B\ counting the number of annual rings when timber 
IS cut dow 11 the age of a tree is found 

are also sugars in the rising sap, in the American 
sugar maple it is worth while collecting it 
Outside the wood is a tissue whose elements 
are formed in tlie same i\a^ from elongated 
cells placed end to end, but the cioss walls 
do not disappear They are perforated bv 
tin) holes It is thought that matenals manu- 
factured by the leaves pass doim through these 
I\Tiether they make their i\av doi\Ti to tlie 
roots through the ^\ood also is a matter ishicli 
IS not yet decided 

Steins are often surrounded by a la)er ol 
cork Tlie cells here are compacti) arranged 
and their walls contain a substance ^^hlch 
makes them waterproof Tlie) ha\e no h\'ing 
contents Potatoes have a corky skin w’hich 
prevents them from losing watei and also helps 
to keep ftmgi from attacking the food mtlim 
The cork oak produces a great mass of tough 
elastic cork ^vhlcIl is stripped off at interv’als 
and finds many uses In tlie buch there are 


alternatel\ layers of thick- and thin-WcJled cork 
cells Tlie latter tend to split a-way from the 
odiers, and so tlun la)ers of tough coiky bark 
peel off naturally The Ameiican Indians 
used tliem foi making canoes 
Space does not permit of much considera 
tion of tlie structure of leaies Among tlie 
simplest aie those of the Canadian pondwecd 
(Elodca), ivliich are composed of a feiv la\ers 
of brick-shaped cells The most noticeable ol 
their contents are numerous little discs, or 
chloroplasts, ishicli hold the green pigment 
Incidentallv thev are continually being jostled 
round and round the cells, for the protoplasm 
here shows acti\ e streaming movements Most 
of the cells of other green leaves contain similar 
cliloroplasts It is in dieir bodies that sugars 
aie formed in sunlight 

DEXELOPED IN CONES 
It IS often easy to peel off a piece of the skin 
from the under surface of a leaf "When one 
looks down on this duough a microscope one 
can see the tiny scattered pores dirough whidi 
gases and ater \ apour pass in and out Each 
is surrounded bv ttso sausage-shaped cells 
The preceding pages have been de\oted 
mainly to the plants whicli are most familiar 
to us, those -which bear flowers and seeds and 
make up more dian half of the plants knoira 
Seeds are also found in the group of trees diat 
includes pines, )ews, c\-presses, c\cads and 
others, whose male and female organs are 
de% eloped in cones The male cells are pro- 
duced from pollen grains, in die pine these 
are pro\nded -wadi two little -wangs to buo) 
them up Thev are carried to die female bi 
wand Tlie seeds are not enclosed -wathin 
an o\ar) but are borne on die open cone- 
scales 

The group produces some \ery \aluable 
timber trees, many being qmck groisang, i\adi 
straight trunks and wood of e\en texture 
GIGANTIC FERNS 

Besides the seed-plants there is a host of 
others of a simpler t)'pe These never form 
seeds, that is to sa) large reproductive units 
produced as a result of fertilization and fitted 
to undergo a resting period, but ha\e ^er\’ 
^amed methods of reproduction. 

Ferns are found oier much of die world 
those of Great Bntain are generally not \en 
imposing Bracken, of is orld-isade occurrence 
attracts attention by die area it co\ ers Under 
a w^ell-grossTi ro)al fern iOsmiinda) a tall man 
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cm shelter, but this magnificent plant is no\ 
rare!) alloucd to survive m the vsald in England 

In the tropics ftrns arc far more luxuriant 
Some arc hi c trees, a crov.n of fronds uncoiling 
at the lop of a stout trunk rcrn-hl c plants 
were ver^ abundant millions of vears ago when 
much of our coal v\as laid down Still pre- 
served among it arc the fossili7cd trunks of 
giant relatives of the present-day insignificant 
club-mosses 

ovn-cni I LD SPORES 

On the bad of i fern frond one often finds 
little groups, apparently of brov n dust Here 
masses of tinv one-celled spores arc produced 
]lic> lie very light and mav be carried far 
by the VMnd If a bottle or jam-jar is inverted 
in damp soil it is vcr> probable that ferns will 
in time appeal under it, for the sporeis seem 
everywhere abund int 

They do not at once produce a fern plant, 
but instead a delicate little leaf appears whose 
under surf icc producer sc\ organs From some 
burst out masses of tiny sperms, provided vsuh 
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LEAVES OE SIMPLE STRUCTURE 
The ha\i^ of the CatMdtan por.dnctd arc compon i 
of a few la\ cr^ of hnc7 -shaped ccih 

beating hairs The female, or egg-cclis, ire 
well protected, each being at the base of a 
fiask-shaped structure Flic sperms swim to 
them in the water which collects underneath 
the fcrtihrcd egg grovs-s to a nev, fern plant 
Lower in the scale of evolution arc the mo^'cs 
andhvensorts The latter are gcncrallv incon- 
spicuous and restiactcd to damp places but 
mosses are found all over the v orld on rods 
and drv land in bogs and on lrcc-trunl,s, fnim 
the \rctic to the tropics 

MOSSE.S \S PIONEERS 
Gcncrallv thev grow in tufts of clo'cK p id cd 
Mcms, coveied vsuh tins kavc< \t the titw 
of the ■'hoots sex organs m iv be found T hou rh 
the dctaih can onlv be seen v ith microteop'' 
the groups arc obvioiu in tlic comiro i Imr- 
ino‘c fPtk'ndi T lie male o’'g'‘n« ni'*’ o -» 
little omage-red cluster su-rounded b, 'Tern 
lc'>vcs the foma of the \ hole rccasi rg a d-’w 
'Hie spenas must Invc a film of s •■'r- it 
vsh’cli to si.im to the groups of cgg-ccP' 'g'>ia 
housed in fias^-'hip^ 'iructtircr i ’ frr- 
tilircd egg gro \-s out to fo’-m t* c r os' c p ”'c 
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a little globular or um-shaped body on a 
debcate stalk not unlike a popp) seed-head 
It IS full of spoiesj ishich produce neiv plants 
Mosses are important pioneers in the coloniza- 
tion of bare ground, but %\ e ha\ e httle contact 
mth them One of the best knmra is the bog- 
moss {Sphagnum) i\hich forms soft masses ol 
bnght green o\ er dangerous mires The dried 
fronds have the poi\er of absorbing moisture 



D^TIN 

“FERN SEED” 


Undeiside of a magnified fern leaf showing groups 
,of tinv one-celled spores 

\er) lapidl) and haie been used for isound 
dressings 

One moss {Schizoslega) has the poisei of so 
coUectmg up light -uitli its unv cells tliat it 
appears to be luminous It favours damp, 
dimh-hghted places, such as caies or rabbit 
burroiN's, and is said sometimes to have deluded 
miners "Wdien it is earned out into the light 
the film of moss can no longer be seen and the 
false nugget is just a lump of earth 

The imter recalls visiting the stone tomb of 
some pre-histonc Cormshman IVith the body 
a golden beaker had been found many years 
ago and presented to Queen Victona Noi\ 
the fairy gold of moss accompanies the chief- 
tain s spint, shimng mth a lovely gieemsh 
radiance on the ivaUs of the hoUow 


Among the algse are seaiveeds and the groisths 
ishich form pond scum, together inth manv 
imcroscopic forms i\hich include the simplest 
plants knoisTi Nearly all h% e m v ater Some 
consist of but a smgle cell, m others chains of 
cells form simple filaments or threads, ivhde m 
mam seaweeds these are wo\en together to 
form qmte a sohd bod\ 

The tiny' green algm of ponds onl\ re\ eal 
their beauty under the microscope One of 
the Io\ ehest is Voloox, i\hose ceUs form a holloi\ 
sphere, clearl) \-isible to the naked eve Each 
cell has a pair of beating hairs, and so the ball 
makes stately progress through the water 

WITH A FLINTY COAT 
Diatoms are important members of the group 
In the mass tliev are browm Each consists of 
a single cell wath a flinty coat, most dehcateh 
sculptured Countless milli ons of them float 
in the upper aters of the oceans and pronde 
food for many' marme ammals 

Among seaweeds the green pigment is often 
masked by' red or browm One red weed, the 
Irish moss [Chondnis crispus), contains much 
gelatinous substance It is collected and dned 
by the Aian islanders and stiU finds some uses 
The browTi i\eeds include the large kelps or 
cans eeds {Laminaria) They' ha\ e a remarkable 
pm\ er of taking up the minute traces of lodme 
m sea water and stonng it in their tissues 
The plants make good soil fertilizers, while a 
certain amount of iodine is still extracted from 
them commercially' 

Some red seaiveeds take large amounts of 
lime from the sea and deposit it m their tissues 
so that they' become hard as coral They' are 
found on tlie shores of the Bntish Isles as a 
pink coating to rocks and stones, in tropical 
waters there are forms ivhich help to build up 
reefs 

EVOL^’ED FROM ALG^ 

Sexual reproduction in the bladderwrack has 
already been desenbed There is great \ aneti' 
in the reproductive processes of the algs, but 
nearly always the male and female cells are 
shed into the isater and fusion takes place 
there 

One very large group, the fungi, is deioid 
of the green pigment chlorophy'll Included 
m It are the muslirooms and toadstools, moulds 
and bhghts, mddeii's, rusts and smuts, yeasts 
and bacteria Although many' are harmless, 
the presence of others is the cause of most 
plant and animal diseases 
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- FLOATING COLONY OF ALGT: 

VoI\o\, OIK i / lilt knclu It of the tin\ green algir to he found in poiuh fach cell hn> a pair of htatwe hntr\ 

nluch enable the ball to make stateh progress through thi water 


lhc\ ■;ccin to lia\c c\oKcd it a \cr) carh 
static of iMitcncc fiom alcia; vshich lost their 
pigment and came to obtain food in sanous 
pcculni Maes I lit \cgctativc body usualK 
consists of \er> fine branching threads, Mhich 
may sometimes lie Mos'en together to make a 
solid bode, as m tiic mushioom It must be 
noted that the real mushroom plant is the fine 
undei ground tin cads eilndi eilicn mixed eeith 
dung foiin “spaesn the mushroom eec cat 
IS onle the fiuiting bode 

FOim MILLION SPORES A DA\ 

In mane fungi thcic arc no traces of a sexual 
ptocess, but in almost all tiny spores arc 
produced m gicat qiiantite A sunbeam 
reecals that the air is full of dust motes, but 
it cannot shoee the hosts of fungal spores and 
bactciia ahiaes present too, cecn mane thousand 
feet aboec the earth a few can still be detected 
Small Monder eehen eec learn that a common 
mushroom pioduccs forte million spores a dae 
Mam fungi hec on dead organic matter 
mushrooms on dung heaps, toadstools on tree 
slumps, black mould on bread, green mould 
on pm and cheese m fact there is ecre little 


that some form e' ill not find to its tasp 
Lsualle the substances haec to b( broltn 
doeen in Older to proeidc the simple com- 
pounds thee need rerments aic poured out 
and the threads then absorb the products of 
digestion 

RESTS AND SMLTS 

It IS i small step from Reding on dead to 
being mattci Mane haec become parasitic 
taking then food from the bodies of other 
plants and animals and tlicicbe causing much 
damage Thcie is indeed bardie a plant 
eelnch IS not liable to be attacked be one o. 
more kinds I here arc earious rusts and 
smuts on cereals potato is aficctcd be blight 
and eeart disease and mane others, plum be 
silecr-leat lose be imldcee and leaf-spot and 
so the catalogiic goes on It is not an c\'>£rg( ra- 
tion to sae that something like onc-temh o^thc 
Cl ops arc lost oeeing to their actieitics 

Ilic fungus responsible for the damping-off 
of sccdhncs can ean its bchae,rui It is •’t 
first par'’siiic on them, feeding on tne s,cms 
just aboec the ground then eehen thte Inec 
been Idled it bees on them dead tis^^ucs 


270 


THE PLANT KINGDOM 



HAROI.I> BASTII. 


IRISH MOSS 

The edible led seaweed which contains gelatinous 
substances used in the piepaiation of food foi invalids 

A few lungi live on animals Goldfish are 
sometimes seen with a fine white mould grow- 
ing on the gills, it will choke them m time but 
can easily be killed by dipping the fish into 
salt water Ringwoim and thrush m human 
beings are caused by fungi 

Yeasts are fungi with a very simple stiuctuie 
The body is but a single ovoid cell, of Avhich 
there are many millions m an ounce of com- 
pressed yeast It can vary its mode of life 
according to the conditions When supplied 
with food, m the form of sugar and plenty of 
oxygen, it proceeds as in a normal plant, 
converting it to watei and carbon dioxide and 
using some of the energy released 

KILLED BY THEIR OWN PRODUCT 

But if oxygen is absent, as at the bottom of 
a vat of liquid, it can live m a more extrava- 
gant way, known as fermentation, only partly 
breaking up the sugar and leaving as waste 
products carbon dioxide and alcohol We 
might perhaps compare the process to a child 
eating the icing off a cake and throwing the 
rest away 

The action of yeast has been employed by 
man for centuries If added to a stiff mixture 
of flour and water it digests the starch, the 
carbon dioxide produced is held by the elastic 
dough and the bubbles formed by the gas 
make a spongy texture, which gives palatable 
and digestible bread 

Also important is the production of alcohol 


from sugary liquids Wild yeasts are present 
in the air and on the surface of most fruits, 
if these are crushed, water added and all left 
to stand, the yeasts soon multiply, they will 
ferment the natural sugar and if more is added 
they ivill continue “ working ” until either the 
food IS all used up or the quantity of alcohol 
that they have produced kills them 
EXPLOSIVES FROM YEAST 

If the brew is bottled before fermentation 
has finished the carbon dioxide is unable to 
escape and accumulates under pressure When 
the cork is drawn bublsles of the gas rush out 
and make a sparkling drink, such as cider 
In wines the concentration of alcohol is much 
higher, it is still greater m spirits, which are 
produced by distilling fermented liquids and 
collecting the alcohol 

Tiny though the yeast cells are, they must 
house a veritable laboratory The ferments 
rvhich they can secrete •will act on many sub- 
stances besides sugai How complicated are 


r 



FOUND IN THE SARGASSO SEA 
Gulf weed, a seaweed with an evil reputation because 
It IS found extensively m the Saigasso Sea 
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the processes is shouTi by the het th-it in the 
World ^V^r a clever chemist was able, b\ 
suiinblc treatment, to obtain m the fermenta- 
tion gKccnnc instead of alcohol This v\as a 
tiiscovfry of the greatest importance to his 
country' at a time when there was such a 
shortage of the fats from vs Inch glsccrinc for 
high cvplosues is usualK made 

INCREASING B\ DIVIDING 

Placed among the fungi arc the bacteria 
(sometimes know n as germs or microbes), w hose 
structure is even simpler than that of the yeasts 
file body IS a single minute cell, it ma) be 
rod-hle or spherical, and in some it is spirall) 
twisted Onc-twcnlv-fivc-thousandth part o( 
an inch is an average length for these tinv 
beings T he smallest is only just visible undet 
tlic microscope Bacteria arc colourless and 
have so little structure that to show them up 
It is ncrcssarj' to stain them with various dyes 

1 hey increase by dividing in half, sometimes 
as often as once ever, twenty minutes There 
is no scvual process When conditions arc 
unfavouiabic the cells may tide themselves over 
a difficult period bv turning into tough-walled 
spores In this form they can resist drought 
and exposure to high temperatures 

Bacteria make their presence known to us 
by their activities, in particular their feeding 
methods There is a whole host upon whose 
active life the processes of decay depend 
They find their food supply in the dead tissues, 
breaking them down into simpler substances 
with the aid of their digestive ferments The 
viastc products of some of them arc gasas whocc 
smells we dislike, and so dccav Ins unpleasant 
associations which it docs not deserve The 
soil IS full of them, busv breaking down the 
substance of plants and dead animals In fact 
Its fertility depends on their presence for were 
fhev (and fungi too) not continualh at work 
tlic minerals vvhicb plants take from tlic soil 
would be locked up and the available supplies 
soon e-vlnustcd 

n yCTLRl V AND TE.\. 

llie earlv stages of dccav are utilircd in 
several important instances The leaves of the 
tea plant arc picked and left in damp piles 
Bactina digest the smrch and sugar and then 
the residue is diicd Green tea is picparcd 
Irom unfennented leaves dried at once in the 
sun aithoueli the brew fiom them looks 
colourless It IS much more stimulating than 
black tea 


An unplcasoni bitter subsf’ncc is removed 
from cocoa mbs bv .allov ing them to fermttu 
a little after shelling CofTcc o\ cs notliing to 
bacterial action, for the beans «« dried as 
soon as they arc piclcci 

Tobacco leaves are put in lasers and begin 
to dccav , the action ol difiercnt \ inds of hactcri'’ 
produces the varving flavours Fhx stems an 
steeped in w ater and tli fibres fn cd fi om othe r 



A housc-fl\ (lone to death b\ the spore of the Empusa 
fungus, whtch ma\ be sllii on the glass 


tissues bv allov. ing bactena to digest part of 
the cell walls 

The lactic and butvnc acid bactena cause 
ebantres in milk which make it “turn sour” 
It IS important for cheese makers to have the 
right strain of bactena at worl, for on the 
activitv of particular kinds depend the dis- 
tinctive flavours of cheeses from different parts 

About eighty years ago, when improvements 
in tlic microscope had made it possible to see 
bactena clcarlv, it was noticed that if hav v as 
steeped in vv’tcr there were soon so manv 
bactena present that the vvatcr became cloudv 
It was thought tlicv had been produced in it 
either bv the air or bv the dccav mg matter 

Tint living bodies should •’ppear suddcnlv 
from dead matter seemed quite possible, for 
il V as held that the mud on nver iianJs could 
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STINKHORN FUNGUS 
•So called because it emits an unpleasant smell that 
attracts flies winch dispeise the spores 

breed fishes and frogs It was even stated b) 
a sixteentli-centur\' scientist that if dirty hnen 
%\as pressed doism mth some pieces of cheese, 
and left for three is eeks, adult male and female 
mice isould be produced ' 

The belief should not be laughed at, for 
even noiv superetition and ignorance are still 
isidespread There are many is ho are isallmg 
foi then actions to be gmded by is hat the stars 
are said to reveal, ishile magical practices, 
such as ill-isishing and chanmmg of is'aits are 
still performed isath faith m then efficacy 
BACTERIA ON MOUNTAIN TOPS 
It IS as the gieat Frenchman Pasteur is ho 
finally pioved that if the hav and isater iseie 
fii-st thoiouglily boiled, so tliat liimg oiganisms 
ivere destroyed, and kept so tliat the bacteria 
in the an could not reach tliem, then they 
remained imchanged Unless speaal care is 
taken bactena from the air fall into the hqmd 
and multiply theie, foi they are alis^ays present, 
even in tlie pure au of mountain tops 


Pasteur also shois'ed that most infectious 
diseases are caused by the presence m the body 
of certam bactena, these are conveyed from 
one person to another m vanous is^a^^s, and so 
the diseases spiead 

Ver)' often it is not their actual presence 
which causes trouble Thus our intestines 
house a \aried collection of bactena, whose 
bodies are so numerous that they make up 
about half of the contents 'tye feel no ill 
effects from tliem But sometimes another 
kind, such as the cholera germ, enters and 
then there is likely to be grave disturbance, 
for its i\aste products are a poison to us 
CARRIERS OF DISEASE 

Not all the disease-producing bactena are 
solely dependent on the human body for their 
food T\'phoid germs can li\e m fresh -watei, 
where they may be earned isith seivage 
They may again infect human beings if they 
enter a water supply or are taken m isitli 
shell fish 

It is curious that some people, knowm as 
“ earners, ’ can house these bactena and still 
be perfeedy i\ ell They ai e \ eiy dangerous to 
then: neighbom-s, for the) mil be continually 
passing on the germs of t)q5hoid unknowmgly 
Tins apphes to several other diseases 

Andirax bacteria hie and multiply m man 
and mam other is arm-blooded ammals In 
the soil, on ammal skins and carcases, they can 
eust foi )ears m the form of resting spores 
Shaving brushes made fiom infected hair have 
been Imoism to cause anthrax m the users, 
die bactena entei- 
mg through cuts 
and at once resum- 
ing their actinties 

Many bactena 
cannot endure long 
awrny fi om dieir 
hvmg hosts, though 
diey may mot be 
restneted to one 
tiqie Thus die 
black deadi and the 
great plague of past 
centuiies (still 
known m the East) 
w'ere caused by an 
organism isffiose real 
home is in small 
ammals such as rats 
Sometimes infected 
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YEAST PLANTS 
Yeasts are fungi of simple 
structure nhich multiply bv 
budding They are akin to 
bacteria 
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NATURAL DEFENCE AGAINST ENEMIES 

Three /iwi'j ofholh picked from the same tree at different heivhf! s/io«mcr /wu the pncklmcK'; of the fnliaisc 
decreases as it grans out of the reach of bronsme ammah 


animals die, their fleas leave them for another 
Mirm-bioodcd creature and may land on a 
iiuinan being They live by sucking blood 
and arc \cry likely to introduce the germs 
of phguc into the bites 

LDING MTTHOUT ONTGEN 

Like the yeast plant, some bactena, such as 
the Upc that causes lockjau, can h\c ^\lthout 
oMgen These arc found deep m nch •loil 
If they enter a avound thc% multiplv there 
and their asastc products ira%cl round the 
bod> m the blood stream, causing terrible 
muscular spasms 

rortunateh lockjais is not \cr\ common 
but all wounds arc liable to become imadcd 
b\ other bacteria, whose products cause blood 
poisoning and picscnt healing Prc\aous to 
ibout 1870 the smallest wound was hkch to 
become poisoned in this wa\, and the m-’jonu 
of surgical operations prosed fatal It was 
little wonder when we read tint it was etiquette 
for the surgeon to wear an old frocl '-o-'t 
stifT wath tlic blood stains of scars, \ niic the 
same sponge might tro the round ol all the 


patients in a v ard, infecting one with the germs 
liom another 

It was Pasteur again who showed baclcrn 
to be the cause of blood poisoning and pleaded 
for surgical methods which would keep their 
numbers down He was ridiculed until Lord 
Lister heard of his woik and put his methods 
into practice Tlie surgeon s hands the irntru- 
ments sponges and bandages w ere soal ed \ ith 
a solution of caibolic acid, which destroved 
am bactena present it v as also sprased round 
the wound \s a result onK sj\ out of his 
next forts amputation eases s ere fatal 

\ \LUE or PaSTEURlZVTION 
But carbolic acid and other so-called anti- 
septics arc not particuhrh good for the Inang 
tissues of the bod\ and so noN ■’dass he-’t is 
relied on largcK for Idling the bacten'’ The 
instruments and the surgeons rubner glotcs 
arc stenhred i iih steam, the garments and 
dressings arc presaoush brought to '> high 
tcmpcT'turc, and an\ iratcr used is boded 
Pasteurs name is remembered in the 
“ pastcunr^tjon process i.hich raudi of our 



274 


THE PLANT KINGDOM 



HAROLD BASTIN 


PROTECTED BY PRICKLES 
By producwg bunches of prickles on its mam stem 
the climbing of the honey-locust is i endered impossible 

milk supply undergoes It ivas ongmated foi 
iMnes and beers Sometimes they become 
“ diseased ” through certain bactena getting 
in and spoihng the flavours No one would 
drink beei ivhich had been treated Mitli carbohc 
to destroy bacteria, but Pasteur found that if 
It ^vas heated for a shoit time at 55° G 
(about midivay between the freezing-point and 
boiling-point of ivater} the intruders were 
killed or so iveakened that they caused no 
trouble 

WHERE THE MICROSCOPE FAILS 
Milk IS the pel feet food not only for babies, 
but for many bacteria, which qmckly turn it 
sour Pastemization (at a higher temperature 
than for ivines) does not alter the flavour as 
does boding, the food value is little affected 
and It keeps much longer But it is by no 
means free from germs, for the standard of 
pasteurized milk fixed by law is that it must 
not contain more than thirty thousand bactena 
in one cubic centimetre, that is about half a 
thimbleful ' Diseased cois^ may have passed 
the germs of tuberculosis into it, and so all 


who can afford the extra cost should give 
children certified milk, which comes from coirs 
proved to be healthy 

There are a number of plant and animal 
diseases uliich cannot be attributed to bactciial 
attack, irhile if living organisms are the cause 
they are too small to be seen vnth any micro- 
scope In plants affected inth these so-called 
virus diseases the leaves become rolled or their 
green pigment may be partly destroyed so that 
they develop “ streak ” or “ mosaic ” Break- 
ing in tulips IS due to a virus ivhich makes the 
self-coloured petals show ^vhlte sticaks 

REVERSION IN PLANTS 
Though attacked plants rarely die, they are 
not improved in vigour, and if the leaves are 
the crop, as in tobacco, the trouble is serious 
Plant viruses are principally spread by small 
insects such as aphides (or green-fly) vhich 
suck their juices and infect them through the 
bites Here is, then, another reason for keeping 
these pests under contiol 
The tiro principal tioubles of the black- 
currant groi\ er are “big-bud” and “reversion ” 



TOBACCO AS GROWN 
A healthy tobacco plant The leaves when attache 
by one of the virus diseases become rolled 
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I lie former is caused b\ a mite which 
1 i%s eggs in tiic buds and destioss the blossoms 
Wlien bushes arc afTcctcd bv rcscrsion the 
leasts gradually change their form and finally 
arc produced so abundantly that there are no 
flowers It IS thought that this is the plant’s 
reaction to the picsence of a \irus, sshich is 
spread by the big-bud mite In the early 
stages the leaf-form is little altered, and shoots 
lor cuttings must be very carciully selected 

riLl PR-PASSING ORGANISMS 

^Vhcn the juices of a plant infected with a 
virus disease arc passed through a filter with 
pores so small that no bactciia can get through 
them, they aic still capable of producing the 
disease if injected into a healthy plant So it 
was thought that living orginisms must be 
piesent At the tune of writing this seems 
doubtful, for the virus causing mosaic disease 
of tobacco and potato has been obtained in 
the foi m of crystals 

Smallpox, measles, scailet fc\cr and possi- 
blv influcn7a arc caused by “ filter-passing 
oiganisms” It icmains to be seen whcthei 
these too will pro\c to be non-living substances 
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SWEDISH CL\SSiriCR OF PLANTS 


Carl \on IjinniK (1707-7 
plai.fK It <75 uftci until ill 


S) Mhosc classification of 
middle of tit nir ctcculi 
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EAMOUS BACTERIOLOGIST 
Lotus Pasteur (1822-95) who showtd that most 
infectious diseases ore cawud In hat term 

rinalK lichens ma\ be mentioned I hr\ 
arc an c.\tiaoidinai-v gioiip, ioi thc\ ate not 
indnidual plants at all Ilacli is pio luced b\ 
the intimate union ol an alga and a lungus 
of certain kinds. In mg together in such adjust- 
ment that between them the\ produce a 
structuic of definite and characteristic loini 
such as the bright oi angc lichen often found 
on old walls 

LICHENS DISI IKE I ONDON 
Undci the micioscopc it is seen that tun 
giccn algal cells arc enclosed in a lelt of fungal 
threads The fungus seems to keep the uppci 
hand o\ci them, for it alone pioduccs the 
fruiting bod\ and must dense food from th it 
which the alga makes for itself I he latter 
rcccncs shelter, moisture and mineral caits and 
IS also enabled to gro\ in the blcal pHces 
winch lichens often inhabit, -nd where nomialK 
the alga would not flounsh 
On the oUicr hand the alga is not dependt nt 
on the fungus but can Inc alone if need b- 
Though the fungus appears to be nT>ncr in 
the lichen, its spores can onl\ cro\ if ^omc of 
the right Imd of algal cells -ire near In 
Lichens arc cxcccdingK important is 
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colonizers of bare and stonv ground They 
may gro\\ slo^\ly, but in so domg they gradually 
break up rock smfaces and prepare the way 
for higher plants Tliey i\-ill accept the poorest 
conditions, but one thing they demand is pure 
air In London and other big aties one looks 
m vain for them 

DYES FOR TVVEEDS 

Tlie reactions beti\ een alga and fungus lead 
to the production m the lichen of peculiar 
acids, a numbei of these pro\'ide colouring 
matters In the ^Highlands lichens are stdl 
used for dyeing wool After somewhat crude 
preparations, sometimes imohmg long steep- 
ing m household slops, hquids are obtamed 
t\luch can give \er)' pleasant dyes They are 
used for genmne Hams tweeds 

A grey branching hchen knm\n as Cladoma 
Tangtfenna, found on moors m Great Biitain 
and elsewhere all over the tsoild, attains 
importance in the Arctic tundra for it is the 
chief food of the reindeer “ Iceland moss ’ 
IS a hchen contaimng much starch, when a 


bitter substance has been_i\ ashed away it can 
be used to make bread of a kmd 
The space that has been devoted to the 
different groups of plants has been verj' 
unequally divaded among them, but most 
attention has been paid to those w'hich most 
closely affect our lives Thus our interest m 
the fern world may be restricted to the plant 
adommg the front •wandow, but we are vitally 
concerned every day with the organisms ivhich 
make our food go bad or mouldy or i\hich 
may endanger our health 

■nVO THOUSAND YEARS OLD 
There is a tremendous range of size m plants, 
considerably greater than m ammals The 
big trees of Califorma {Sequoia gigantea) ha\e 
the distinction of being the largest li\ang 
organisms, tliough it must be remembered that 
most of the ood is dead tissue The tallest is 
o\ er three hundred and ti\ enty feet high i\ath 
a trunk thirty-five feet thick , it is certainly 
two thousand years old 

These figures are as nothing compared with 
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ONE OF THE LARGEST FLOWERS 

Flowei buds and bloom of Anstolochia gigas, one of the world’s largest floi\ers The species belongs to a 
genus of shntbs to be found in Europe, the United States, Central America and Mexico 
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the length of the family history of these tiees 
Fossil recoids show that Sequoia has been 
flomtshing foi something like a hundred million 
■years, its remains ha^e been found all o\ei 
tlie -world and, though it is now confined to 
a narroiv belt on the Pacific coast of North 
America, there is no lack of \ igom m this 
remarkable link i\ith the remote ages before 
man ivas known 

The ledisoods of Cahforma {Sequoia sempcr- 



IlAl OLD B \SIIN 

FOOD OF REINDEER 
Iceland moss, a lichen it Inch is widelv distributed and 
the chief food of the reindeer 

Virens) may be taller, though then trunks are 
not so thick, and the same applies to some of 
the Australian blue gum trees {Eucalyptus ) , 
they are much faster groiving 

At the other end of the scale one of the 
smallest w'oody plants is the dwarf wallow, a 
creeping alpine plant seldom more tlian two 
inches above the ground, tlie catkins are ver}' 
small -watli only a fei\ floisers 

The Japanese dwarf tiees are, of course, not 
natural products , 'they are kept \eiy small by 
allo-wang the roots httle space and periodically 
pmclung them off Severe -weather conditions 
have produced the dwarf oaks of Wistman’s 
Wood on Dartmoor, wath gnarled and twasted 


trunks centuries old and yet onlv a few feet 
high 

Smallest of aU the flowering plants is a tiny 
duckweed, IVolffia arrhiza, said to be often 
present in ponds wath the common duckiieed 
but overlooked on account of its minuteness 
The plant is meielv a floating green disc, about 
a ti\enty-fifth of an inch across, wathout any 
loots or lea\es The flower, which is rarely 
produced, consists ol a single tiny stamen and 
an ovary' ^\ath one seed This may be com- 
pared wath the floiser of Rafflesia, pre\aously 
noted as the largest knoira 

SEA-SERPENT OF SKA^^'EED 
Another ater plant, Victoria regia, may be 
mentioned for the size of its floating lea\es 
They are circular wath an upstanding lam, and 
may be more than six feet across There are 
\ exy large air-spaces inside the leaf, these give 
it somednng of the feel of a modern multi- 
spnng mattress The leaves of this irater-hly 
of the Amazon can support a child s w eight 
One giant among the loi\ er plants must be 
mentioned, a browai seaw eed, Macrocystis ppnfera, 
which grows in cold -waters of the Southern 
Hemisphere Theie is a tough stem ^\hlch 
reaches the surface of the sea, from it haig 
long fronds, each buoyed up ^\^tll an air bladder 
so that most of the plant is floating It reaches 
a length of o\er ti\o himdred feet, and on 
one occasion at least has been taken for a 
sea-serpent 

Since the filter-passing \-inises are probabh 
non-h%ang, -we must find the smallest plants 
among the bactena 

^\fluch of all these groups and forms were 
the first plants hke^ 

GOLD IN SK\ WATER 
There can have been no life on this planet 
until the earth’s crust had cooled sufficient!} 
to allow water \apour to condense on it 
This may ha\ e collected at first as a w orld- 
wade sea, or there may always hare been 
oceans and land masses Asath n\ers and lakes 
The land ^\'Ould have re\ ealed bare rock sur- 
faces, for soil IS largely a product of plant and 
animal life, and the neaiest approach to it 
would have been sand, into -which tlie rocks 
may have been broken up 

^Ve can hardly imagine hfe ongmatmg else- 
w here than m -w ater, t\ hose presence is essential 
to it At first the ocean w ould ha\ e been 
fresh ivater gradually imnerals would ha\e 
been washed down into it from the land 
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GIANT CONIFER 

A Cabformau big tree, a species mIucIi has the 
distinction of being the largest In ing organism 

the ongin of the fungi Man) others are more 
like animals m then: beha\’iour 

Tmy httle plants such as these are not 
presort ed m fossil form, and tt e can onh 
guess hots the) imght hate giten up stsunmmg 
and settled on the bottom in shallots' tsater, 
hat e grotsm to more comphcated bodies, ts hich 
tsere gradually able to intade the seashore or 
margins of pools and so passed to htmg on 
dr)' land k\e can onl) sat that fungi and 
bactena appeared t'er) early in the histor)' of 
plants Bactena are so peculiar in their habits 
that it IS possible that they arose qmte mde- 
pendently from other groups of plants Some 
of them, such as the iron and sulphur bactena, 
obtain their food from mmeral sources and are 
not dependent upon any other forms of life, 
they might have existed even before there ere 
green plants 

As Professor J Lloyd IVilhams has pointed 


out by elaboration of their bodies, bv 
speaahzation of their functions, and b) adapta- 
tion to, and improi ement under nei\ condibons 
of hfe, the legetation of the sea transtormed 
itself into the green mantle of the earth It 
was at first difficult to believe in the descent 
of the %anous members of the group from a 
common stock so different are the life histones 
of the species, but there is now more or less 
agreement as to their close relationship in the 
remote past 

The seat! eeds to quote the opimon of Dr 
Church, of O'Jbrd, “ illustrate in a manner 
be\ond all other t\pes of the plant kingdom 
the begmmngs of plant anatom) and \ egetable 
morpholog) ’ — the branch of biolog)' deahng 
inth the form of organisms 
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COVVONWEAITH OF AtSTKAUA 

AUSTRALIAN GUM TREES 
The tallest specimen of this magnificent tree grew 
m Victoria and reached a height of 470 feet 
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WASTE LAND BEGINS TO BLOSSOM 

A scuiUtfiL \\orkii m an cxpDtnuntal fuld in i/ic Poinii i\foiin{ain‘; Ih ts \pnnUiin' potato plants \uth 
a Jliiid to pioPct them from insects A'ot lone; ago tin land nas regarded as enfncl) nnfu Jor call nation 


PLANT BREEDING IN INFINITE VARIETY 


U NTIL the mtuic of st\ in flot\tiin£i plants 
was undci-stood pollnntion xsas left to 
niUini agencies and plant bictding \sas not 
pi iciistd In the dale palm male and Icinalc 
ilosscrs aic on stpaiate plants, and as far back 
IS the nncitnt Balnlonians it ts is the custom, 
with ichgious ccitnionial, to cut bi'anchcs ol 
in lit noiitn and shaki iht dust o\cr the 
fennits It was known that this was ncccssara 
to tnsiiic hinting in the date, but the won- 
diiiul count ciion between pollination and seed 
pioduciionin othci plants was not then appre- 
ci I ltd 

Aftci about 1700, when sex in plants had 
been reacakd, staeial kinds ol plant were suc- 
cessfulb cioss-polhnaled The progtin writ 
named Inbrids fiom a Latin a oid meaning 
tlic ofrsjinng of a cross between a domestic 
sow and a wild boar 

Most of oui culinatcd plants diOcr width 
fiom the Wild forms and show mans \anations 
among thtmschcs Foi c.\'>mplc the small 


soul liaid crab is the ancestor of the long list 
of oichaid apples 

It IS obaious that at some time man must 
haac noted plants which were better than the 
norma! tapes and ha\c dehbtratth selected 
them loi cultn ation Often this is successful 
Ihus \ilmoiin a rienchman foundei of the 
oldest existing seed establishment set liimsclf 
to make a usi ful plant of the sugai beet Ih 
continuoush taking for seed the phius \ ho^e 
loots showed the highest sugar content he more 
than doubled the average of this \ ithout 
itcouixc to hsbiidi/ation Xow’’d'\'> thtit is 
i whole science connected vaili the studs of 
inhentancc, and the specialist is able to give 
advice hoi best to tacllc the problem of the 
pioduction of iKW fonns b\ h\bnd!/''t!on 

liic c-xi'lcnce of iicrcdits and s-'n'^tion '’re 
plain to us dl In our o>\n families \ c no'ice 
that clnldicn resemble their patents in mans 
ol their cha>'acters, ph\s,cal ■'nd me u'>!, '‘nd 
vet none is c-xacth Idc another or t Jicr of us 
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Left to light Aspen (2), wjch ehn, ash, hild chenr 

and >1 

paients Geitain of tliese differences may not 
be inborn oi heiitable Poor nutrition mav 
preient a cluld fiom attaimng the height of 
\sluch he Mas capable A parent mav ha\e 
lost a limb, but his children isill not resemble 
lum in Ins one-legged condition 

INHERITANCE IN PLANTS 
Similarly a pea plant of a tall \ ariet) ma^ 
be kept \erj' short by di ought or pooi soil, 
but Its seeds, gi\en normal cultuation, mil 
produce tall plants Again, the offspiing of 
a pollarded elm will not lesemble it but ^\^ll 
shoM the usual t\"pe of branclung 

The study of inlieritance is best begun bv 
considering a fen clear-cut charactei's in pai- 
ticular examples and seeing hon they appeal 
m successne geneiations 

Suppose t\e take seed of a plant such as the 
bean, i\ Inch is normally self-fei tihzed, choosing 
a variety nluch is knoiin to come tiue from 
seed, then, no matter ivhat are tlie conditions 
of cultivation, its characters noil be handed 



HOW TO IDENTIFY WINTER TWIGS 
(2), wild apple, mid sen ice, ro)\an, -nhitebeam, locust 
alniit 


on unchanged fiom generation to genera- 
tion 

In one expenment the a\eiage m eight of the 
seeds of such bean plants m as recorded, although 
in each geneiation theie nas a mde range tlie 
aierage seed m eight nas alua^s tlie same 
'When in each geneiation only the heawest 
seed M as taken and gron n, it might hai e been 
expected that a strain isould result uhose 
a\erage seed weight was higher than in the 
original t)'pe In reality it did not alter Nor 
did It change when instead the lightest seed 
from each generation w'as taken Tlie size the 
seed attains depends upon conditions around 
it when It is gromng, tliese do not affect its 
hereditar)' constitution 

UNCHANGED BY OUTIVARD CONDITIONS 

The conclusion is that m true breeding 
stiains, ivhen theie is no crossing, tlie hentage 
IS unchanged by outward conditions tluough- 
out many generations It is a different matter 
when two different strains are crossed, tliere 
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—THAT GROW IN GREAT BRITAIN 

Uft to right Hazel, blackthorn, hai^thoi n, white poplar, black poplar, maple, sycamoi e, plane, sweet chestnut 

and horse chestnut 


IS much more to be leamt from the results of 
this operation 

The problem was first studied systematically 
by Gregor Mendel, an Austrian monk, whose 
conclusions were pubhshed in 1865 They are 
now recognized as having made a revolution- 
ary step forward in biology, but at the time 
they were ignored It was not until 1900, 
years after Mendel’s death, that attention was 
redirected to his work and his name made 
famous 

DIFFERENT TYPES OF OFFSPRING 

Mendel worked with garden peas, of which 
there are a number of well-marked varieties, 
such as tall and dwarf, yellow- and green- 
seeded, purple- and white-flowered Having 
proved that his plants came true from seed, 
he studied the results of crossing forms with 
these clearly contrasted pairs of alternative 
characters and followed them through several 
generations This was not a new line of work 
but Mendel was the first to make accurate 


counts of the numbers of the different types 
of offspnng and to draiv conclusions of general 
application from his results 

MASTERING AND DISAPPEARING FACTORS 

Wien tall and dwarf strains were crossed 
the resultant seeds all produced tall plants 
They were not intermediate in height, and 
there was no suggestion that anything which 
could govern dwarfness had been passed on 
from the other parent But if the hybrid 
plants were allowed to set seed by self-pollina- 
tion (the normal method in the pea), dwarfness 
reappeared m roughly a quarter of the offspnng, 
the rest being tali There must therefore have 
been concealed in the hybnds some factor 
ivhich could make plants dwarf, otherwise 
they would not have been able to pass it on 
to some of their descendants It can only 
have been denved from the dwarf parent of 
the hybrids 

Mendel described the factor which made for 
tallness in peas as being dominant (or mastering) 
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respect to its opposite factor \shich 
determines diiarfness The latter he called 
recessne (or disappearing), because it appar- 
ently vanished in the first hybrid generation 
A great many simple characters m plants 
and ammals ha\e been found to be inherited 
in tins fashion Thus the peach and the 
nectanne onlv differ in one respect, the pos- 
session by the peach of a factor nhich makes 
the frmt hair) and is dominant to the smooth- 
skinned condition in tlie nectarine If the t\\ o 
are crossed the hybrid plants bear hairv frmts 
and are apparently peaches but nhen selfed. 



VALUABLE SUGAR BEET 
By taking for seed plants is hose wots shoised the 
highest saga/ content, the aserage of tins is as doubled 


nectarines appear again as about a quartei of 
the offspnng 

To find what was the meamng of this three 
to one proportion of the two ti-pes Mendel 
allowed the repi esentatn es of the second 
generation to be sell-pollinated He found 
that the dwarf plants bred true, as did one- 
third of the tall plants The remaimng tall 
plants behaved like the oiiginal hybrid, pro- 
ducing tall and dw arf plants in the proportion 
of three to one 

HEREDITARY FACTORS 

As he saw^, these results can only be explained 
on the theor}' that the sex-cells, which aie the 
sole hnks between the two generations and 
^vhose umon precedes seed foimation, can only 
carry one or other of tlie alternative characters , 
there must be equal numbers carrying each of 
these There must thus be an orderly arrange- 
ment whereby half the sex-ceUs receive the 
dominant factor and the other half the 
recessive 

The distribution of the hei editary factors in 
this cross is sho%\m below, T is taken to repre- 
sent that govermng tallness and t is the 
corresponding factor producing dwarfhess 



Factors Present 

Parents 

Sex-cells of 

TT tl 

parents 

All T All t 

Hv brid 

Tl — appear tall 

Sex-cells ofhy bnd 

Equal numbers of eggs — and / 


,, 5 sperms — T and t 

Possible matings 

Equal numbers of — 

of egg and 

TT — tall ) breed 

sperm when 

t' — dwarf 3 true 

h> bnd IS self- 

Ttltall but are of same 

pollmated 

(T ) nature as h\ bnd 


Occasionally the dominance of one of the 
alternative characters is not complete and the 
hybnd is intermediate betw een its parents with 
lespect to that character Thus, if the radishes 
“ Early Red ’ and “ Early "Wlnte ” are crossed, 
the hybnd is purple-rooted This when self- 
pollinated gives offspring of three tj-pes m the 
proportion of one red to two purple and one 
white Of these the red and white breed tnie, 
and the purple, which plainly shows its mixed 
constitution, behaves like the onginal 
h^ brid 

PRODUCING NEW FORMS 

Mendel s principles can be applied to more 
complicated crosses between parents diffenng 
in more than one pair of contrastmg characters 
In tlie hybrid only the dommant characters of 
each pair will appear Thus, tlie result of 
crossing a tall, yellow -seeded pea with a dwarf 
green-seeded pea is a tail and yellow -seeded 
pea In this hybrid there will be equal 
numbeis of sex-cells, male and female, canqmg 
the dominant and recessiv'e factors, while the 
factors for each pair are sorted among them 
independent!) of each other Hence eggs 
and sperms will be of four types, caiT)'ing 
factors as follows tail ) ellow -seeded, tall 
green-seeded, dwarf ) ellow -seeded, dwarf 
green-seeded 

The readei has perhaps by now done 
sufficient mental juggling wnth peas, so we 
will do no more than say that as a result of 
the possible matings of diese sex-cells, plants 
of the four t)'pes mentioned will appear in the 
next geneiation The impoitant point to be 
noted IS that tlie characters of tlie paients have 
been recombined to gve two new tjqies, tall 
green-seeded and dw'arf yellow -seeded indeed 
all the possible combinations of the parents 
characters with respect to height and seed 
colom appeal 

Practical breedeis often cioss plants diffenng 
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in a number of these pairs of alternative 
characters The hybrids will be of a umform 
type, only showing those of the pairs ivhich 
are dominant, but on selling them (i e , letting 
them set seed with their oivn pollen) there will 
appear all possible combinations of the charac- 
ters l\Tien several are being considered this 
means that a great variety of neiv forms will 
be produced Some -will breed true, and from 
others pure breeding strains may be isolated 
by continually selfing them This is the pro- 
cedure often adopted, but it must not be 
supposed that the work is ahvays straight- 
fonvard or that the inheritance of all characters 
IS clearly understood 

INCREASING THE ACREAGE OF WHEAT 
Very soon after Mendel’s principles had 
become \videly known and had been con- 
firmed it was found that they applied also 
to the inheritance of less easily-defined charac- 
ters, such as resistance or susceptibility to 
disease, and early or late flowering Planned 
efforts were made with wheat to combine 
desired features of this type ivith good yield 
An important product was “ Marquis,” which 
ivas bred m Canada from a cross between 
“ Red Fife ” and a very early maturing Indian 
wheat known as ” Hard Red Calcutta ” 

“ Marqms ” is about a week earlier in ripemng 
than “ Red Fife,” and so could be grown con- 
siderably farther north It greatly increased 
the acreage of wheat in Canada From 
“ Marquis ” still earlier maturing forms such 
as “ Ruby ” have been developed and 
cultivation spread still nearer the North 
Pole 

RESISTANCE TO RUST 

Unfortunately “ Marquis ” is susceptible to 
the attack of the destructive rust fungus In 
1930 the bread wheat and another species 
which was resistant to rust were crossed, only 
one plant with shrivelled seeds resulted, but 
some grew and after a few generations a strain 
named “ Hope ” was produced which possesses 
a wonderful resistance to all types of rust 
disease and also has many desirable charac- 
teristics It IS solving the problems of many 
American growers 

In the same way the two varieties “ Spratt- 
Archer” and “Plumage-Archer,” which 
account for three-quarters of the barley grown 
m Britain, were bred so as to combine by 
hybridization of suitable forms the qualities 
most desired by farmers and brewers 


KINGDOM 

Natural hybrids sometimes occur and some 
have proved of importance The cord-grass 
{Spaituia Townsendn), which coveis so much of 
the tidal mud in Southampton Water, appeared 
there in 1870 It ivas an entirely new plant 
and probably arose by the crossing of an 
insignificant native grass ivith a related species 
accidentally introduced from America It was 
amazingly successful and has spread over 


* ^ 
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PRODUCES HAIRY FRUIT 
If the haiiy peach and the smooth-skinned nectaiine 
are ciossed, the hybiid plants beai haiiy fiuits 

hundreds of acres of sea flats Its untidy 
looking tussocks of stiff leaves bind the mud 
and gradually raise its level so that the land 
may be reclaimed During the W orld W ar some 
use was made of its fibres for paper, and it is 
not ivithout value as herbage 
For years unsuccessful efforts were made to 
cross a blue delphinium with the red-floivered 
Delphinium nudicaule, sometimes seen in rock- 
gardens One year, among the rows of the 
tivo kinds, a purple-flowered plant appeared 
It proved to be a natural hybrid between 
them and from it many new shades have been 
derived In 1937 the form “ Pink Sensat on ” 
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COMBINING DESIRED FEATURES 
Red Fife Mheat {left) introduced into Canada fwm 
Danzig , Ruby, a cross between Downy Riga and 
Red Fife 

■was first shown in London Some, who feel 
that blueness is the character for wluch the 
delphimum is most to be prized, wall tlunk 
that It IS as little to be desired as a blue rose 
HOME OF THE PLUMS 
Scientists have suggested that the cultivated 
plum may have arisen in the wild by die 
crossing of the led-skinned yellow-fleshed cherry' 
plum witli the sloe, ivhich has a blue skin and 
green flesh Russian botanists have recently 
found in the Noithern Caucasus, which they 
think to be the home of the plums, that the 
sloe and cherry plum groiv there and also a 
wealth of forms ivhich they tlunk are natural 
hybrids betireen the two 
It IS well knowm that new^ vaiieties sometimes 
appear suddenly Darwan s theory’ of the 


origm ol species W'as that all members of a 
species shotted slight vanations Some of 
these might be advantageous to the form 
possessing them and w ould favour its presenta- 
tion m the struggle for existence So he 
thought the variations best fitted to the con- 
ditions around them w'ould sunave and new 
species be gradually evolved by a continuation 
of this process Noivadays it seems much more 
likely that new forms are produced by relatively 
large changes, the cause of wthich is generally 
unknown 

JUMPS IN EVOLUTION 
IVhen the siveet pea was first brought to 
England from Sicily m 1699 it had small, 
purple, scented flownrs It is nonnally self- 
poUmated but m the course of years several 
neiv types appeared, such as white, red and 
picotee flowers Hybridization w'as not prac- 
tised until 1880 Suddenly, in 1900, a most 
important advance occurred w'hen the Spencer 
form with w'aved standards appeared in four 
different places among plants of the variety 
“ Prima Donna ” The Spencer tvyie has now 
quite ousted the old-fashioned \arieties, but 
many of the modem sw'eet peas lack the 
dehaous fragrance of less showy t)-pes 
Such sudden spoits or jumps m the eiolution 
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INCREASING THE YIELD 
Haid Red Calcutta wheat (left) and Marquis The 
lattei IS bred from a cross between the former ana 
Red Fife 
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of new forms are common in horticulture The 
dainty, free-fiowenng belladonna type of del- 
phimum IS of unkno^vn origin but has been 
grown for years, it set no seed and was increased 
by cuttings or root division In 1902 three 
seed-pods appeared on one plant and from 
them a whole race of belladonna hybnds have 
been raised, all setting seed normally 
PLANTS THAT CANNOT SEED 
Many of our horticultural forms might have 
been produced m nature but they would never 
survive in competition with the original types 
It IS the practice of many breeders to spoil (or 
so some think) the purity of floral form by 
producing double vaneties Often the extra 
petals are transformed stamens and the plants 
cannot set seed Many of our best apples, 
such as “ Bramley’s Seedling ” and the crimson 
form which arose as a branch sport from it. 




- HAEOLD BASTIN 

PLUMAGE-ARCHER BARLEY 
Bled With Spi att-Ai chei to combine by hybridization 
qualities desned bv fauneis and biewers 

are almost completely sterile and are only kept 
going by artificial budding and grafting 

PLANTED UPSIDE-DOWN 
Curious results sometimes follow when plants 
of two species are umted Apples are normally 
grafted on stocks of a different type, sometimes 
pear or quince, but this does not radically 
change their nature In 1825 a Frenchman 
grafted the small broom Cytisus purpureus on 
the common laburnum From the umon a 
bud developed which produced leaves and 
flowers intermediate between the two This 
form is still kept m existence by vegetative 
reproduction Occasionally shoots wth the 
leaves and drooping clusters of yellow flowers 
of the laburnum appear, and there may be on 
the same plant others with the small leaves, 
stiff habit and scattered purple flowers of the 
broom The so-called “ graft-hybnd ” seems 
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to consist of a core of laburnum tissue sur- 
lounded b\ a skm of puiple broom, e.\er) now 
and then die tuo sepaiate 
Similar pecuhai forms ha\e been produced 
b) grafting together the hatrthoin and medlar 
The \anegated Pelargonium (the geramum of 
gardenei's) mdi islnte-maigined lea\es is of 
a compaiable natiue, diough its oiigin is 
unlnoiTO Tlieie is a gieen coie, suiTounded 



HAKOLD EVSTIN 

ENEMY OF THE FARMER 
The destnictne iiist fungus on bat lev On the left 
IS an ear befote being attacked by the disease 

by a lute skm That the mterioi of the plant 
is reallv diffeient fiom the skm is piosed bv 
taking loot cuttings On these the buds aiise 
deep in the tissues, they pioduce pure green 
shoots The pollen giams and embr^'o seeds 
detelop fiom die outer ^\lute skin la^ers and 
so, ■when such a Pelargonium is selfed, the seed- 
hngs tvluch lesult are pure ishite As the^ 
have no cUoroph}!! diev cannot manufacture 
food foi themsehes and they soon die 
T he pelargomum “ Salmon Fnnged ” is a 
similar umon of two tjpes Normally die 
leaves are fimnel-shaped and smooth and the 


flovers are salmon coloured with fnnged petals 
But often a branch shoots out -uith flat hair)' 
lea\es and normal floivers, this is supposed to 
constitute the core of the plant Country 
people assent diat if a pnmrose is planted 
upside-do\Mi the flowers will be pink No one 
e\er seems to test the truth of this statement 
but It is certain that some geramums, -uhen 
treated hke this, produce shoots (firom root 
buds) of a \erY unexpected t)pe 

BURNING FORTY THOUSAND PLANTS 
One of the most famous plant breeders was 
the American Ludier Bmbank (1849-1926) 
E\en in his cradle he showed his lo\e for 
flowers Aftei great pmations, when he is as 
even reduced to sleeping m a chicken coop, 
he started a nurser> garden m Cahforma 
His first big order was for tssenty thousand 
loung prune trees to be dehiered m nmc 
mondis time Normally it w ould take at least 
two and a half )ears to rear the plants I\ith 
charactenstic onginahts and resourcefiilness 
Burbank sowed the qmck-growing almond, 
soon die saphngs w ere big enough for prune 
buds to be grafted on them and the order was 
successfully executed 

After a time he closed his business m order 
to deiote lumself to plant breedmg, finally 
lecemng gmernment support His expen- 
ments is ere conducted on a mst scale As 
many as five hundred thousand hhes were 
groism in one test, their fragrance spread a 
mile awav In another, forty thousand black- 
berrs -raspberry' h) bnds is ere grown to matunt) 
One smgle plant is as chosen as the best, and 
the rest burnt in a pile tiselie feet wide, 
foul teen feet high and tisenty feet long 
hlonev meant htde to him The Burbank 
potato, w'hich increased the isealth of the 
USA by milhons of dollars, he sold to a 
nurseninan for a hundred and fifty dollars 
(i^30) His plums and prunes were of great 
lalue m Cahforma After y'ears of work he 
pioduced a lusaous plum without a trace of 
a stone The " plumcot ” is’as a umon of 
plum and apncot 

TO MAKE THE DESERT FERTILE 
The Shasta daisy, with blooms up to seien 
inches across, was denied from small-flowered 
wild laneties One day he noticed a yellow 
Cahforman poppy {EschschoUztd) ^ 
streak of red m the petals This was sazed 
and from it a pure red form developed The 
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origin of the famous Shirley poppies was some- 
^vhat similar, an Enghsh clergyman found a 
wild red poppy with a thin white margin to 
the petals and from its seeds and their offspnng 
the many colours we know today arose 
As a little child Burbank would toddle round 
ivith a potted cactus as his dearest toy, in his 
maturity one of his greatest triumphs was the 
production of the edible thornless giant cactus 
With this he hoped to make the desert fertile 

WALNUTS WITH THIN SHELLS 
His “ Paradox ” walnut is well known in 
the United States He crossed an Enghsh and 
a Cahforman walnut, and finally raised trees 
which in fourteen years grew six times as much 
as the Californian parent had in thirty years 
The wood is close and fine-grained and is a 
valuable timber To the nuts he paid little 
attention One day he thought that a thinner 
shell -would be an improvement, so he con- 
tinually selected saplings pointing m this 
direction until the shells were so thin that 
birds pecked through them ' 

Burbank was no trained scientist His 
method ivas to cross chosen forms and grow 
all the 1 esultant seeds Their progeny m turn 
would give him a large collection, from which 
he selected only those approaching the desired 
forms Further large famihes would be grown 
from them 

He was scornful of the scientific pnnciples 
of plant breeding and considered that his 
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PARENT OF THE PLUM 
The crossing of the cherry plum {above) with the 
sloe probably gave the cultivated plum to the world 
10 , 



and cheiry plum are found in the Northern Caucasus 

results completely disproved them In this he 
was wrong Mendel’s laws teach that when 
two different forms are crossed the various 
hereditary characters will be recombined in all 
possible ways in the second generation after 
the cross, this is exactly what he found he 
worked %vith forms differing in a number of 
characters and the very large families he raised 
would emphasize the variety of new types 
arising From one cross he had two thousand 
poppy plants, among which the leaves of no 
Uvo plants were ahke in form He would 
continually discard all but the most hopeful 
plant and try by breeding from that to obtain 
a pure strain Intuition played a greater part 
than science m picking out the nght plants, 
but the results justified it 

PESTS OF THE VINE 

Of late years breeding experiments on a 
scale even larger than those of Burbank have 
been earned out The German vine industry 
is said to have been devastated by two pests, 
mildew and the vine-louse A North Amencan 
vine IS resistant to their attacks, but its grapes 
are poor, so the European variety was crossed 
with it By 1933 it was said that as many as 
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BROOM IN FLOWER 
The union of broom and laburnum produces kaxes 
and fioweis intermediate between the /no 

ten million h\bnd seedlings had been raised 
These are all artificiall) infected inth tlie 
mllde^^ , any that resist it are handed over to 
the \ane-Iouse It i\as hoped that in ten 
years the problem isonld be solved 

EXPERIMENTS IN RUSSIA 
The botanists of tlie Sonnet Umon are carry- 
ing out hy bridization expenments on a magmfi- 
cent scale, embracing all tlie plants commonlv 
cultivated o\ ei their lade climatic range Tlie 
gmding principle has been to collect first all 
their knoira vaneties, so that the diffeient 
characters possible in each plant mil be at 
hand for breeding expenments Thus o\ er 
five thousand different i\ heats are soini 
annually and the scientist isall find amongst 
them the characters he desires to combine, 
if they exist at aU in the i\heat 

Plants haie been gatheied fiom aU oier the 
isorld and the places of ongin of manv culti- 
vated plants found These usually prove to 
be a few mountainous regions, ivhere con- 
ditions are often sev ere There is some eiudence 
that the sudden sports ivhich often produce 


neiv forms are more hkely to occur m such 
circumstances 

In these regions are a great \ anety of forms 
and it seems that often the cultnated plants 
have been denied from only a few of them, 
there still exists m the wild a wealth of plants 
with valuable characters, w hich w hen combmed 
witli othei-s by^ Itybndization mav sohe many 
problems Thus one wild wheat shois-s great 
resistance to mildew, smut and iiist and to 
insect attack This only^ needs to be combmed 
with the good yield and baking quahties of 
cultivated wheats 

EDIBLE FRUITED HONEYSUCKLE 

In the mountains of Central Asia and the 
Caucasus the Russians found a great vaneu 
of apples, plums, chemes, tines and other 
fruits Many are \ery' haidv and have been 
used to produce netv ttqies capable of frmting 
mucli faither north than before, m lands that 
pretiouslv were barren Frost resistant tines 
and apncots and edible fimted honeysuckle 
and mountain ash are some of the nets forms 
produced from them 

Much attention is being paid to the potato 
It has been cultivated m South Amenca for 
centunes, but tsas unknotsm m Europe until 



PRODUCER OF THE PLUMCOT 
Luther Burbank, who did wonderful work in plant 
breeding and ga\e manv new xaneties to the worla 



(*, y V 


THE PLANT KINGDOM 


291 




\r A PLANET NEUS 

MAKING THE POTATO FLOURISH IN THE ARCTIC 

potato flowers to cultivate a potato suited to the 
itmate nelow Gathering fruit inAlma-ata, Kazakhstan Alma-ata is known as the “ Father of Apples ” 
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1587, when a tuber reached Vienna, and the 
next year England They -were evidently of 
hybrid ongin for the seeds obtained from the 
plants produced a number of varieties and the 
strange vegetable gradually won favour 
ROMANCE OF THE POTATO 
There is no certainty as to who introduced 
the tuber into England, even the date is dis- 
puted Both Sir Francis Drake and Sir John 
Hawkins have had the honour thrust on them, 
and it has also been stated that returned 
colonists from Virginia took it to Ireland and 
not Sir Walter Raleigh There is a tradition 
that the first crop was grown at Brixton, near 
London, and another that it was raised m 
Lord Burleigh’s garden m the Strand Certainly 
it was at first regarded Avith grave suspicion, 
and alarmist reports were spread that it caused 
leprosy and other dire diseases 
Some ten years folloiving its arrival, the 
potato IS described m Gerarde’s Herbal, where 
it IS stated that some of the roots “ are as a 
ball, some oval or egg-fashion, some larger, 
some shorter, the ^vhlch knobby roots are 
fastened into the stalks t\T,th an infinite number 
of thready strings It gro^veth naturally in 
America, where it ^vas first discovered, as 
report says, by Columbus, since ivhich time I 


have received roots hereof from Virginia, 
otherwise called Nurenbega, which grow and 
prosper in my garden as in their own country ” 
Dr Parmentier was ridiculed when he 
praised them m France, but he managed to 
interest Louis XVI At a ball Queen Mane 
Antoinette wore a wreath of potato floivers 
and the king granted Parmentier a plot on 
which to grow them A guard -was provided 
for It and the people then thought there must 
be something valuable there, at mght they 
stole the plants, cooked and ate the tubers 
and found them good 
Ireland came to make it the staple food and 
\vith its aid the population increased from two 
millions in 1785 to over eight m 1845 In 
that year the potato blight, a fungous disease, 
struck the crop The nature of the attack 
was quite unknown and nothing could be 
done to stop its ravages Several hundreds of 
thousands actually died of starvation and all 
who could emigrated to America 

EIGHT THOUSAND VARIETIES 
Grieved by their sufferings, a New York 
clergyman, the Rev Chauncey Goodnch, set 
lumself to study the problem of the potato 
He thought (though wongly) that the disease 
arose because the constitution of the plants 




PLANET NEWS 


ELECTRICITY IN THE SERVICE OF AGRICULTURE 
On the left is a cucumber leaf gwwn in a glasshouse with the help of electric light and heat, and next to 
It a leaf of the same kind of plant grown under ordinary conditions 
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RISCHGtTZ COLUECTIOS 


CHAMPION OF THE POTATO 
Antoine Paimentiei (1737-1813), w/wie wntings did 
much to dispel pi ejiidice against the potato in France 

had been weakened by the continued vegetative 
repi eduction, and decided to groiv them from 
seed Hoivever, many potatoes larely floivei 
and set seed, so he obtained some plants fiom 
South Ameiica, which he hoped would “ bring 
in fresh blood ’ Among them one -nath a 
lOugh puiple-slunned tuber ivas the most 
hopeful, and ivith its aid he reared eight 
thousand different varieties 

GRO\w IN e\t:ry continent 

It ivas said of Goodrich that he ivas “ so 
busy ivith experiments he had no time to 
make money ” Fiom his potatoes the famous 
“ Early Rose ” iras denved Bui bank’s potato 
ivas piobably a sport from it, and it ivas used 
by English bieedeis 

By the beginning of the twentieth centur*^ 
the characteis of the oiigmal varieties and of 
Goodrich’s nei\ strain had been combined in 
so many ways that the limit had nearly been 
reached, ^vlth many problems unsolved The 
potato under cultivation is liable to attack bj 
perhaps a greater number of fungous and virus 
diseases than any other plant, and lesistant 
forms, -vuth other characters that satisfy the 
lequirements of growers, marketers and con- 
sumers aie needed Thus in Gieat Britain 
rhe shape and texture of the potato prefeired 


by fish-friers is an important consideration, 
smtable varieties are often very susceptible to 
disease 

The soil which has been found particularly 
favourable to the groirth of the potato m Great 
Britain is that left bv the draimng of the fens 
and the iich alluvial mateiial reclaimed from 
the sea For a similar reason the poldeis of 
Holland, also recovered from the Noith Sea 
or the Zuider Zee, fuinish a valuable crop 
The plant is cultivated under varying climatic 
conditions in every continent Even in the 
legion of the Andes, between mne thousand 
eight bundled feet and thirteen thousand feet 
above the level of the sea, crops are grmvn 

LARGEST FOOD CROP 

The Russians in 1925 sent expeditions to 
South Ameiica to see what the potato was 
ically like in its natuial home They found 
an astonishing range of i\uld and cultivated 
forms, some grownrg m tropical conditions, 
otliers neai the sno-w-hne (the English potato 
cannot stand host), some forms are lesistant 
to fungal attack, others to drought ^Vlth this 
tvealth of new t^'pes it should be possible to 
make great advances in the production of good 
vaneties for cultivation One hopes that these 
may become generally available, foi the potato 
IS perhaps the laigest of the world s food crops 

It is to be legretted that there is so httle 
piovision in Great Biitain for ivork such as 
this, on the giand scale i\hich is necessar}'- if 
lesults aie to be gained at all quickly 



HAMILTON COLLECTION 


POTATO BLIGHT 

A fungus disease which lesulted in lumdteds of 
tho'isands of deaths fiom stai vatwn in h eland m 1845 



THE PLANT KINGDOM 


295 


1 

1 



FIRST STAGE IN THE MAKING OF COAL 

Stacks of peat, which is decayed vegetation It is invaiiably found in bogs, niaishes and swamps The 
decaying niattei below is constantly added to bv sitccessix e generations of plants until it becomes a jot m of coal 


PLANTS AND MAN 


T he aim throughout this whole section on 
plants has been to deal with them as far 
as possible m their relation to man It has 
been shown that we depend finally upon plants 
lor our food Much, ol course, comes directly 
from them, and it is possible to live entirely on 
a vegetarian diet 

Cereals bulk largest m our meals It was a 
great step forward when wandenng tribes first 
began to cultivate them and collect their seeds 
for food This meant that they had to settle 
down for the best part of a year m order to 
produce the crops, civilized arts had time to 
develop and homes were made 

It is thought that wheat was first cultivated 
in Central Asia, which is regarded by many 
authorities as the cradle of civilization It is 
a region specially favoured, for it seems to 
have been the natural home of a great many 
valuable crop plants Wheat has always been 
the food ol the world’s aristocrats More milhons 
depend upon nee than on any other cereal, 
while maizej barley, rye and oats feed others. 


It is only within the last few centuries that 
cane and beet sugar have been available 
Previously to that honey was the only sweeten- 
ing agent known It is questionable whether 
the large amounts of sugar we now eat are 
particularly good for us 

There are many valuable oils obtained from 
seeds and fruits of plants such as the olive, 
the pea-nut and above all the coco-nut palm, 
which provides most of the fat for marganne 
and soaps 

Nowadays pepper is the only important 
spice, but m the Middle Ages such flavourings 
as cinnamon, nutmeg and cloves were of 
fabulous value, a pound of the latter would 
buy seven sheep, and rents were sometimes 
paid in peppercorns In their recipes spices 
are used so lavishly that the meats could not 
have been tasted Probably the disgmse was 
necessary, for there ^ were no means of keeping 
It fresh, and m winter only salted meat was 
available 

Among other essentials which we obtain 
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from plants is coal, the fossilized remains of 
forests of distant ages From trees too come 
our furmture and much of the structure of our 
houses Wood pulp provides most of our 
paper and also the modern fabnc “ rayon ” 
Sllk^vorms feed on mulberry leaves and the 
transformed plant matter reappears from their 
spinnerets as threads of sillc Manufacturers 
imitate this by preparing a cellulose compound 
from ivood pulp and forcing it thiough rmnute 
holes into a hardemng liquid Threads of 
rayon lesult 

TREE OF THE GODS 

Flax fibres and cotton seed-hairs provide 
other material for -weaving These fabncs 
used to be dyed wnth plant products, such as 
madder and indigo, but the chemist noiv manu- 
factures from coal-tar denvatives vastly superior 
and fast colours But these can still be traced 
back to plants through the coal 

We rely on plants foi nearly all our dnnks 
Our appi eciation of them is largely due to the 
presence m them of drugs, among ivhich alcohol 
must be included Tea and coffee both con- 
tain caffein, ivhich stimulates the neivous 
system, and there is a sirmlaj’ substance in cocoa, 
which Linnasus termed “ the tree of the gods ’ 


Many of the medicinal drugs, such as 
strychmne, digitahs and cascara, are of plant 
origin Their use dates back centimes to 
when, by a painful process of trial and error, 
men learnt the properties of vanous plants 
Valuable though they are, fe-w drugs will m 
themselves cure disease, and faith is still one 
of the most impoitant ingredients of the bottle 
of medicine Quinine is an exception, for it 
actually destroys m the blood the parasites 
•which cause malaria 

Its ravages %vere \sudespread, and to its 
weakemng effect the fall of the Roman Empire 
has been attnbuted In 1638 the Countess of 
Ghinchon lay dying of malana m her Peru-vian 
palace To her was sent a packet of a reddish 
baik wnth orders to the physician to administer 
it in powder form The cure ivas rmraculous, 
and the Countess took back to Spam the 
marvellous bark, whose uses the South Amen- 
can Indians had discoveied Its fame spread 
over the %vorld 

SMUGGLED FROM PERU 

The demand for qmmne \vas great, but the 
Peiuvians ^vere lazy, and made no effort to 
cultivate the forests of cinchona trees There 
■was a danger of ivorld shortage, yet it was 
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ONE OF THE ALLIES OF CIVILIZATION 

A bundle of esparto giass and three flowenng heads Esparto is used m the making of some of the better 
kinds of paper Wood-pulp is more generally employed in the production of newspapers 
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^\'lth the greatest difficulty and hazard that 
seeds and seedhngs ivere smuggled from Peru 
to India and Java It is upon the labours of 
the Dutch in that island that ive now 
depend 

Few plants have had more influence on 
mankind than the opium poppy Fiom the 
milky juice of its seed-heads is extracted 
morphia, which gives welcome relief from 
pain But, in the East especially, over- 
indulgence in the drug has "WTought havoc 
with millions 

Countless uses aie found for another milky 
juice, that of the rubber trees Columbus 
recorded his amazement ivhen he saiv Indians 
playing ivith balls ^vhlch were elastic and 


bounced, but rubber was of httle practical 
value until it was discovered that by mixing 
It wuth sulphur it w^as greatly strengthened and 
made more elastic During the World IVar 
German chemists w'^ere able to manufacture a 
rubber substitute that closely approached the 
natural product 

Americans would not care to be mthout the 
juice of the sapodilla plum, from which they 
make chewing-gum Of plant resins, gums, 
scented oils, of camphor, cork and many other 
products there is not space to tell Suffice it 
to say that so vaned are plant products that 
it is possible foi the inhabitants of the tropics 
to supply nearly all their wants from one plant, 
the coco-nut palm 



COCOA AND CHOCOLATE IN THE RAW 

The home oj the cocoa tiee is South America, but heie natives aie drying the beans oi seeds on the Gold 
Coast The bees gww to a height of thirty feet, and usually beai fruit for about twelve years Each pod 

contains about foity beans 
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INVOKING THE GOD OF THE RAIN 

Natives of Zululand invoking with solemn feivout and outstretched hands the god of the lain to send a 
plentiful supply of '"cloud water" so that the land may be fertile and yield hei met ease to the tube 
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A ll the hving races of mankind as they 
exist in the world of today belong to one 
species, Homo sapiens (from Latin Homo — 
man and sapiens — ^wise, possessing intelhgence) 
This name expresses the fact that man is dis- 
tinguished from other members of the ammal 
kingdom, and more especially from the members 
of his own order and family — ^which include 
monkeys and the great apes — ^by the possession 
and habitual exercise of the specific quality of 
being able to reason 

In the days before Darwin wrote The Origin 
of Species (published in 1859), it was believed 
that all species m the world of nature, each in 
its respective kind, were fixed and as God had 
made them in the beginning But when once 
the doctrine of evolution was formulated and 
applied to the origin and development of the 
various forms of life, it was natural and inevi- 
table that further questions should be asked 
Had man always been what he is now^ If not, 
what was he like before he became modern 
man as we know him ^ And if he had evolved 


from an earlier and more primitive form, had 
he any near relations who could be shown to 
have a like ancestry'’ 

Of these problems the last in particular 
raises an obvious issue It is evident at even a 
casual glance that monkeys and the great apes 
bear a close resemblance to man, both in form 
and to a certain extent in behaviour It is 
owing to this similarity of form that zoologists 
have classified man and the great apes — gorilla, 
chimpanzee, orang-utan — and the gibbon, the 
diminutive member of the group, m one family 
as being closely related 

So striking is this resemblance that it was 
believed by many in the early days of evolu- 
tionary theory that monkeys represented an 
ancestral form of man, and that man’s family 
tree could be traced back to one or other of the 
great apes, preferably the gorilla or the chim- 
panzee More carefully detailed comparison 
of the skeletons, brains, muscular and nervous 
systems of man and the great apes showed 
that such a hne of descent vvas not possible 
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It -was found that instead of man’s anatomical 
characters showng a greater likeness to any one 
membei of the group, to the exclusion of all the 
others, as would be expected if he were descended 
from that form, the resemblances were dis- 
tributed fairly evenly over all members of the 
group In certain characters man was moie 
like the gorilla than any other ape, in other 
characteis more like the chimpanzee, and so 
on, the balance, if any, being rather m favom 
of the little gibbon, with the chimpanzee, 
perhaps, as second 

MAN’S PAINFUL PROGRESS 
The conclusion to be drawn was not that man 
was descended fiom any one of the gieat apes 
as we knoiv them, but that at some remote 
period in the history of the world, the monkeys, 
the great apes and man had had a common 
ancestor, fi om ■whom all members of the family 
were descended, and whose characters had been 
inherited in vaiying degree and with wndely 
differing modifications and adaptations by each 
of the different membei s of the group The 
apes were shown to be neither primitive nor 
rudimentary forms of man Each in its kind, 
equally wth man, is a highly developed type 
The superficial characteis in which the apes 
and monkeys lesemble man aie too ivell known 
to need enumei ation, ivhile the resemblances m 
structure on ivhich the comparative anatomists 
rely chiefly are of a highly technical nature 
One distinguishing character of man, readily to 
be appreaated and most significant foi the 
present puipose, is his ability to walk upright 
As ive look back over the early phases of man’s 
slow and painful piogiess toivards a highei form 
of existence, three factors stand out as ci ucial in 
the stages of that advance Of these the most 
important is the assumption of the upiight 
posture When man began habitually to stand 
and ^valk erect, as opposed to the occasional 
assumption of this position by the apes, it 
entailed an alteration in the position of the 
inteinal organs and the character of their 
muscular supports in the human abdomen 
This changed the balance of the body and the 
carriage of the head on the vertebral column 
or backbone, ivhile releasing the foie-paivs and 
fore-limbs to acquire those functions of arm and 
hand which have played a predominant part in 
the development of the specifically human 
activities for which they are a necessity 
The upright mode of progression also con- 
ferred upon man the advantage in the stiuggle 


for existence of a greatly extended flexibihty 
and range in vision and movement, and more 
especially a freedom in the employment of head, 
trunk and fore-limb These advantages made 
It possible for him to use, adapt and fashion 
material aids for attack, defence or protection 
to countei balance his weakness, as compared 
with other members of the animal kingdom, in 
natural means of defence against his enemies or 
the rigours of climatic conditions They made 
up for his deficiency in tooth and claw as a 
fighter and the loss of his coat of fur which once 
had kept out the cold 

Secondly, and scarcely less important than 
the upright posture, was the change to full 
stereoscopic vision, a change which begins m 
the evolutionary scale in tarsius, the little tiee 
shrew By focusing both eyes on a single 
object, this alteration in range gave increased 
accuiacy in sight and judgment, ivith a con- 
sequentiy inci eased stimulus to the development 
of the higher functions of the brain 

Thiidly came the opposable thumb, which 
by moving out of the plane of palm and fingers 
gave evolving man an inestimable advantage 
over the ape by making the human hand one 
of the most delicate and efficient mechamsms 
in nature It piovided an instiument for the 
accomplishment of the irill and purpose of 
man which, as a supreme product of evolu- 
tionary adaptation, is capable ^\’lth training, of 
making provision foi all human needs and 
implementing most human desires 

These three factors have played preponderat- 
ing idles m the development of those qualities 
that have been lesponsible for the gradual 
building-up of man’s a'vihzation through the 
ages 

EVOLUTION AND CIVILIZATION 

So much then is to be inferred from a com- 
parative study of man and the great apes as 
they exist today The salient fact ivhich 
emerges is that if there aie resemblances 
betiveen them ■which point to a common 
ancestor, there aie differences which are o 
even greatei significance In these differences 
are to be found the evidences of an evolutionary 
process, in the course of irhich a dispaiity in 
structure and function, and more especially in 
intellectual function, has developed betiveen 
man and the great apes as a whole By it man 
has been enabled to build up stage upon stage 
m the advancement of cmlization, while his 
simian relatives have remained stationary in a 
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SKULLS ANCIENT AND MODERN 

Skull of the Piltdonn man (top) and of a modem man The btam-case of the Pdtdown man is shaped 
much like that of a young ape, and the biain must have been of a veiy low kind Tlieie aie no bony 
brow-iidges The pi ejection of bone m the lowei jaw forming a chin does not appeal before modem man 
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state of arrested physical and mental develop- 
ment 

At \vhat stages m the line of common descent 
did these differences arise ^ When did man 
become specifically man, as opposed to the 
ape, and what ^s"ere the causes which brought 
this about ^ 

The ansivers to tliese central problems are 
only imperfectly knowm as yet, but when 
brought into relation ivith the studies of the 
archasologist, ivho seeks to trace the groivth and 
development of man’s arts and industries in the 
past, they go far to explain how each develop- 
ment in the evolution of man’s form, acting 
and leacting on the development of his intellect, 
has enabled him to modify and exploit his 
environment to meet his needs, and thus to lay 
the foundations and build up the early stages of 
civilization, of which this modern ^vol Id of ours 
IS the outcome 

CHANGES IN GENERATIONS 

Complex though model n civilization may be. 
It rests ultimately on the fundamental needs of 
humanity, needs ^vhlch arise out of the biolo- 
gical urge of the stiuggle of the individual 
tow'ards self-preseiwation and peipetuation of 
his lace — our everyday quest to provide food, 
shelter and protection from outside danger for 
self and family group, %vhich no less insistently 
%vas the day-to-dav pioblem of our lemotest 
ancestoi 

In the study of the evidence foi the oiigin 
and descent of man, tivo classes of facts have to 
be taken into account, the data of moi phology, 
showing the changes m form winch hai'e taken 
place in the course of the evolutionary piocess, 
and the data of chronology, in ^vhlch the 
evidence is arranged m order of time This 
latter arrangement should shoiv, if the intei- 
pretation is correct, the primitive forms as 
preceding in time the forms of more advanced 
type 

There may be exceptions oiving to special 
circumstances, as for example ivhen a degenera- 
tion has taken place instead of an advance in 
type, but as a general pnnciple the rule should 
hold good that the earlier in time, the more 
pnmitive m type 

To appreciate clearly the relation to one 
another of the various examples of early types 
of primitive man ivhich have been discovered, 
it IS necessary that the methods by which these 
two classes of facts are handled should be 
understood 


Firstly, as regards the argument from 
morphology or the study of form If we take 
an evolutionary series we find that in the 
course of generations of parents and offspring 
certain changes take place whereby the end- 
products or last generation, though clearly 
related, differ in various respects from the first 
pair, or original parents Irom ivhich the senes 
begins, as well as from one another 

In examining such a series it will be found 
that change proceeds by modifying a generalized 
or generic type into specialized or specific 
forms For example, a generalized type may 
have been modified to fit into a special environ- 
ment, as the white coat of the Arctic fox has 
been evolved to match the background of snow, 
or the black skin of the negro is a differentiating 
character \s'hich affords protection against the 
actinic rays of the tropical sun 

A simple illustration ivall perhaps serve to 
make the meaning clearer Let a father and 
mother of five children be taken to stand for 
the generalized type Each of the children 
beais a certain resemblance to the father and 
mother, but they are more or less sharply 
differentiated from one anothei As generation 
after generation is born in descent from the 
original five childien, each line of descent 
becomes modified from the type of the original 
parents, and at the same time more and more 
clearly differentiated from all the others The ~ 
diffeiences mark each line of descent as a 
specialized or diffei entiated form This can 
be shown in vanous ivays, as by measurement, 
by description, or by photogiaphs 

DATING EARLY MAN 

If we had a complete set of such measure- 
ments or photographs foi all membei's of all 
the generations, it ivould be possible to point 
in detail to the moiphological changes by 
which the generalized t}'pe of the original 
parents has been modified to produce the 
specialized or differentiated types ivhicli con- 
stitute the end-products or final generation 
Man and the great apes may be regaided as 
the final generation or end-products of such a 
family group of lines of descent Unfortunately 
the oiiginal parents and many of the inter- 
mediate stages are missing 

It is the aim of morphological study of the 
living members of the family and sacn fossil 
specimens of both apes and early man as have 
been discovered, to puzzle out and fill in the 
details of the family tree and at the same 
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EVOLUTION OF THE HUMAN LOWER JAW 
{Left) Half of the lower jaw of a young chimpanzee, Piltdown man, Heidelberg man. Neanderthal man and 
modern man {Top right) Neanderthal skull from Gibraltar , {below) Rhodesian skull from north-west Rhodesia 


time to arnve at some idea of how, in what 
way, and at what stages in development have 
arisen the differences by which the members 
of the family as we now know them are 
distinguished 

Let us turn now to the evidence of chronology 
It IS obvious that the vanous specimens of early 
man that are Known — specimens that at one 
time or another have been found embedded in 
the gravels and clays which he beneath the 
upper soils of the earth’s surface, cannot by 
the circumstances of their discovery be dated 
by any usual system of chronology Such 
systems reqmre a fixed point from ■which to 


start, such as the Christian calendar possesses 
in the birth of Christ, a time measure, such as 
the year — solar, lunar or calendar — and a 
method of recording, such as a body of 
numerical symbols, perpetuated in tvnting 
None of these exists for dating early man 
The only means available for arri'ving at some 
idea of the antiqmty of any given specimen of 
early man, and its relation in time to other 
specimens, is by examining carefully the 
character of the deposits in which the specimen 
IS found, and comparing these deposits with 
others, rvith a -view to detemumng their 
relative age 
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It IS essential, of course, that the deposits 
should not have been distuibed, so as to ensuie 
that the specimen is of the same age as tlie 
deposits, and that the bones have not been 
introduced into tliem at a later date, for exam- 
ple, by falling into a rift m the ground, as some 
thini. happened to the remains of Rhodesian 
man in Soudi Afiica, or by bmial 'When 
the relation of all the knowm deposits oi stiata 
one to anothei has been determined, this gives 
a time scale by stratification 

treasure-tront; in refuse 

Let us take as a simple illustration the method 
by \vhich the archaeologist ivorks \\ hen e\ca\ at- 
mg tlie lemains of a city 'uhich has long been 
destiojed, and of u'hich theie aie no mitten 
recoids Suppose that neai a Milage theie is 
a refuse pit into ivhich tlie inhabitants of tlie 
\nllage have been accustomed to thiow all 
then refuse for a penod of hundieds of yeais 
The lefuse mil include not onl) sciaps of food, 
but bioken domestic utensils and furnituie, 
bioken pots, tools and the like, as ivell as old 
bones If tins pit has been undisturbed, when 
we dig dowTi thiough its contents we come 
first of all on the lefuse of yesterday, then in 
succession to that of last week, last month, 
last yeai, and so on back thiough the centuiies, 
until w'e reach tlie time when the village tvas 
fiist founded in the mi gin soil at the bottom 
of the pit 

Now if the contents are taken out caiefully 
in sepal ate layeis and sifted, and the contents 
of each layei kept sepaiate and arranged in 
the ordei in time in which the\ were thioiin 
aivay, as sliowm by the oider of the lavers or 
stiata. It IS possible to reconstruct a more or 
less complete picture not only of the history 
of the settlement, but also of the manners, 
customs, industnes and arts of tlie inhabitants 
of the Milage at diffeient peiiods 

'Wfiiat kind of cattle the) had and the natuie 
of their food mil be shoirn by the bones and 
food lefuse Hoiv they'’ diessed, and what 
material they' used foi tools and implements, 
w'hen new fashions m material and foim weie 
intioduced, and when old fashions died out — 
all these can be traced, and if the lay'ers arc 
numbered m order diese changes can be dated 
accurately'’ in terms of the time scale affoided 
by' the sequence of layeis 

Fuither, if we can form any' idea of the 
peiiod of years covered by each lay'er, it is 
possible to translate this time scale into terms 


of \eais, and to say, for example, that a form 
of bowl ’which IS found m the fourth to sixth 
lay'eis was in use in a period extending fiom 
SIX bundled to four hundred years ago The 
time senes can be used also to date objects 
coming fiom another somce altogether, for if 
any object can be matched mth one m our 
senes, it can be said to be contemporary -with 
the laver from w'hich the object from the pit 
was taken 

In dealing inth the dating of the remains 
of eailv man the same piocedure is follow'ed, 
except that it is only in the later stages of Ins 
careei that his remains are found presert'ed 
amid the lefuse of human occupaPon, which 
affords us a clue to his way of life Tins first 
occurs duiing the phases of ivhat is known as 
tlie Old Stone Age, ^vhen man had learned 
hot\ to flake flints to give them a keen edge, 
had taken to living in caves, and the bodies 
of the dead were either buried in the flooi 
composed of the debris of occupation, or left 
there and abandoned to be tvorned by wild 
beasts and the remains covered by tlie wastage 
of Pme and later comers A clue to the datmg 
of the skeletal remains is then afforded by the 
chaiactei of the animal bones, implements and 
so on, winch are found wnth them 

Foi most of the specimens of early man, 
and especially foi tlie earlier examples, these 
aids to cliionology found with the ca\eman 
are unfortunately lacking, and the clue to 
penod must be deduced from the age of the 
undistuibed deposits in w'hich the bones aie 
found These deposits, for the most part clavs 
and giavels, often have been laid dotra by 
water, oi by the action of the glaciers which 
foimed the gieat ice cap coveiing the whole 
of the more noitherh pait of the globe in the 
Ice Age 

CALENDAR OF THE ROCKS 

The 1 ocks w Inch compose tlie eai th’s surface, 
including these clavs and gi axels, have been 
studied bv the geologist in tlie same wav as 
the ai clneologist studies the lay'ers of his refuse 
pit They' hax e been classified by' him, accord- 
ing to the oidei in which the laxers or strata 
he one upon anothei, into great sx'stems oi 
gioups, each gioup the equix'alent of a geo- 
logical epoch, represenPng a x'ast penod of 
time, in xxlnch the deposits of tliat gioup xxere 
being foimed 

Fuither, in each of tliese strata or deposits 
are found fossilized remains of animals and 
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plants, many or most of which ai e noiv extinct 
Not only do these show, according to their 
kind, what the climate was like at that time, 
hot or cold, ^vet or dry, but as many of them 
are “ characteristic ” or “ type ” fossils, that 
IS they are found only in certain strata and in 
no others, whenever they occur with other 
remains they serve as an indication of date 
They show that the remains with which they 
are so found in association must belong to the 
same period in the geological time scale as 
themselves Thus if the bones of early man 
are found m gravels m which also occut the 
bones of the mammoth or the woolly rhinoceros. 
It shoivs that that man must have lived in the 
same period of the Ice Age as those monsters 

THREE IMPORTANT EPOCHS 
In this classification into epochs of the rocks 
and deposits the student of early man is con- 
cerned only with the latest in time, the Tertiary 
epoch, the Quaternary and the Recent, the last 
named covering the deposits of the present era 
Of these the Tertiary epoch is divided into 
periods or stages, according to the number of 
certain types of fossils they include, the numbei 



FOX 

PILTDOWN MAN RECONSTRUCTED 
The resemblance of the mouth and jaw to those of 
a chimpanzee is pai ticulai ly noticeable 
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MODELLED FROM FRAGMENTS 
Modelled on a restoiation of the skull of Piltdown 
man fioni cranial and jaw fiagments 

increasing as time progresses Thus tve get the 
Eocene or dawn stage, the Ohgocene as these 
fossils appear in small numbers, the Miocene 
as they increase, the Pliocene tvhen there are 
still more, and then as ive enter the Quaternary 
epoch, the Pleistocene, when they reach then 
highest number, this stage m turn giving ^vay 
to the “ Recent ” deposits as the Old Stone 
Age closes, perhaps eight to ten thousand years 
before the birth of Chiist 

TIME SCALE OF MAN 

This classification is of supreme importance 
to the study of early man because it gives the 
geological succession or time scale by which 
the antiquity of the remains of the different 
types of early man can be determined, accord- 
ing to the character of the deposits in which 
they have been found Not only does this 
shoiv how old they are in terms of geological 
time, but it also tells us which are earlier than 
others, and which lived at approximately the 
same time 

Up to the present no remains of early man 
have been found in the deposits of Tertiary 
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age It IS in this penod, hoivevei, that \vc 
should expect to find the common ancestor of 
man and the apes, for it is in the early phases 
of this period that fossil monkeys begin to 
appear The lemains of man actually known 
as the earliest come from the beginning of tlie 
Pleistocene stage 

For the gieatei pait of this period much of 



BRITISH MUSEUM (SATURAI/ HISTORt) 

MADE BY PILTDOWN MAN 
Flint implements found with the Pdtdown skull One 
face IS uiegularly flaked lound the edge 

the northern hemisphere is as coveied isith an 
ice cap iv'hich oscillated or advanced and 
receded a number of times as the temperature 
varied Accordingly we find that the remams 
of early man m Europe m this period are 
associated isuth fossil ammals noss^ extinct, some 
of is^hich, such as an ancient t^'pe of elephant, 
must have demanded a hot climate, while 
others, such as the cave bear and the mammoth, 
belong to a penod of mtense cold 
Any attempt to translate these geological 
epochs into terms of years is little better than 
guess work, but it has been calculated that the 
earliest remams of man from the early or Lom er 


Pleistocene, at the begmnmg of the Quaternary 
epoch, cannot be much less than half a milhon 
years old Some geologists are mchned to 
regard this estimate as too high, ivhile others 
ivould increase it to near a milhon years 
Before passing on to consideration of the 
pimcipal types of eaily man -which have been 
found m vanous parts of the world, and their 
1 elation to one another, tivo questions require 
attention \'\'here ^'nd at -what stage of 
development does man first appear^ 

\\'HERE MAN FIRST APPEARED 
As legards the place of man’s ongin there is 
a sharp difference of opinion Some authonties 
would place that event m Africa, others favour 
Asia On behalf of Afnca it has been argued — 
and this is the -view to which Dannn lent his 
suppoit — that as it is the home of the great 
loiest apes, the gonlla and the clumpanzee, it 
IS the most probable region for man’s first 
appearance The mei e fact that the great apes 
have sunived here is sufficient indication that 
the conditions of place and climate were 
favourable for such a development 

Fuither suppoit is afforded by the occurrence 
of fossil apes of pnmiPve type and early age 
in the Eg^'ptian Fayum, while Australopithecus 
(from Latin australis — ^southern and Greek 
pithckos — ape), usually lefened to as the Taungs 
skull, discovered at Taungs, South Afhca, m 
1925 by Professor Raymond Dart, comes so 
near the human line as to have been considered 
by Its discoverer to be the “ missing hnk ” 
beti\een man and the apes It may indeed 
represent a stage of development corresponding 
to that at -which man’s ancestors were ceasmg 
to be tree-di\ ellers A later and still more 
advanced form i\ as found by Dr R Broom in 
the Tiansvaal in July, 1936 Although now 
generally held to be a clumpanzee-hke form, 
some authonties still regard the Taungs skull 
as inthm the hne of human descent 
GIANT AMONG FOSSIL APES 
On the other hand, there is much to be said 
for Asia as the region m -which man e^mlved 
In the foothills of the Himalayas knoira as the 
Siwalik Hills, the Miocene deposits have pro- 
duced a large number of bones, the remains of 
fossil apes of various types Of these Dryopithe- 
cus (from Greek drus — tree and pithekos — ape), 
paiticularly m types recently found by an 
Amencan expedition, comes very close to the 
human hne This is shoira especially m the 
form of the teeth, ivlnch have been classified by 
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Professor W K Gregory, of New York, as 
ancestral in type to those of both man and the 
great apes Dryopithecus, which in size is a 
giant among the fossil apes, has also been found 
in the Tertiary deposits of France and on the 
Rhme 

APE-MAN OF JAVA 

From the geological evidence, as well as the 
evidence of the fossils, obtained in the Siwalik 
Hill region by the latest expedition from Yale 
Umversity, it would appear that at some time 
in the Tertiary penod with which we are deahng 
a great climatic change took place which caused 
the tropical belt to swing from north to south 
As a result the mammals of India, of which the 
fossils are now being found, migrated towards 
the south-east of the continent This migration. 
It IS thought, also had a crucial effect on the 
development of man It is therefore not 
without sigmficance that it is in this south- 
eastern area, namely in Java, that one of the 
earliest knoivn types of early man. Pithecan- 
thropus erectus, the ape-man of Java, has been 
found Further, at about the same time as the 
climatic change in India there was a smular 
change m climate in China This change 
drove out the sub-tropical ammals and plants 
tvhich had previously populated that part of 
the world, but it offered favourable conditions 
for succeeding waves of immigration of new 
forms from the north-west and the south with 
which man appears, probably from the south 
The famous Peking man. Sinanthropus (from 
Latin Sinensis — Chinese and Greek anthropos — 
man) is a result of this immigration 

EARLY MAN IN ENGLAND 

For these and other reasons it would seem 
that the balance of the evidence is m favour of 
Asia, and more particularly the southern portion 
of Central Asia, being regarded as the scene of 
the crucial stage in man’s evolution Some 
authonties would link the event with the change 
in the environment which took place at the 
great uplift of the central ndge extending from 
east to west, of which the Alps, Hindu Kush 
and Himalayas form a part This tremendous 
happening may well have forced man’s pre- 
cursors to change from an arboreal to a 
terrestnal mode of existence The ape des- 
cended from the tree and became man 

The assumption of the upnght posture, even 
as a permanent habit, does not completely 
differentiate man from the ape Man has 
been defined as a tool-using ammal but the 


ape also iwll use a convenient stick, stone or 
other object ivith sufficient sense of purpose to 
justify the inclusion of the ape with man as at 
least an occasional tool-using ammal Man, 
however, is not only capable of making use of 
some material object to attain his purpose, but 
he alone of all living organisms also modifies the 
form of such object to his requiiements In 
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BONE IMPLEMENTS FROM PILTDOWN 
The oldest known bone implement It is made fwm 
afiagment of the thigh bone of a veiy latge elephant 

other words, man is not only a tool-using animal , 
he IS also a tool-making animal 

If this exercise of tool-making activity be 
accepted as the differentiating character of man 
It marks the stage of his transition from ape to 
man, as distinct from the sub-human There 
IS then reason to think that man came into 
existence and ivas nidely distributed over the 
earth’s surface long before the age of the earliest 
known human skeletal remains These, as 
already noted, have not been found before the 
earliest phases of the Pleistocene Stone imple- 
ments, however, fashioned by purposive action 
to a definite shape and intended to meet a 
specific need have been discovered in deposits 
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of the Upper Pliocene Some experts indeed 
ivould say, for example, of the implements 
found m the late Phocene deposits of East 
Angha, that they are derived from an e\en 
greater antiqmty than the deposits in ivhich 
they are found, ha\ung been ivashed out of 
their original site by later floods 

^\hlle these implements suggest the existence 
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PITHECANTHROPUS 

Head of Pithecanthropus modelled by Prof J H 
McGregor on the restored skull The lemams were 
disco\eied between 1891 and 1894 

of man at a very early period and in the 
Tertiary' Age, the \aolence of the con\ailsions of 
nature at tins time affected geographical and 
climatic conditions to such an extent by the 
repeated rise and fall of the earth’s surface, 
which changed the relative distribution of land 
and -water, that it is impiobable that such 
fragile rehcs as the bones of man \\ ould suixave 
For one rehc of early man, hoi\evei, a claim 
for Tertiaix' Age has been advanced Some of 
the gravels among i\hich the fragments of the 
skull of Piltdowm man, Eoanthropus (from Greek 
eos — da^\^l), iveie found m Sussex, as announced 
in 1912, ^vere of Phocene Age But these rehcs 
came to light after the gravels had been dug out 


and removed from their beds, so that it had 
become impossible to say with certainty what 
the original position of the skull had been It 
could not, therefore, be dated ^\^thout question, 
and is no^\ generally considered to be of early 
Pleistocene Age If this is correct, the Piltdoira 
skull IS approximately of the same antiquity as 
the ti\o rehcs from the Far East already 
mentioned. Pithecanthropus, which was found in 
early Quaternai-y^ graxels of the Pleistocene at 
Triml m Java, and Pekmg man, -who ivas 
found in the cave of Choukoutien, near Peking, 
in deposits in -which it -i\as associated vith 
fossils pointing to an early Pleistocene dating 
SKULL OF PEKING MAN 

The remains of Pithecanthropus first found by 
Dr E Dubois betiveen 1891 and 1894 consisted 
of a skull cap, thigh bone and tooth Other 
bones -uere also discoveied, but not descnbed 
until many years later, %\hile some details are 
still unpublished The skuU cap is of so 
primiti\e a form that doubts ivere long felt 
vhether it ivere human at aU Dr Dubois 
himself is still inchned to regard it as a gigantic 
gibbon, but it is now generally accepted as a 
veiy pnmitive human t^qie, i\hile the character 
of the thigh bone shoiTO that this being \\ alked 
upnght, hence the addition of the ivord erectus 
m the full title 

The human character of Pithecanthropus is now 
supported by its resemblances to the later 
discoveiies of Piltdoi™ man and Peking man 
The fii-st complete skull of the latter -is as found 
in 1929, the latest specimens are three skulls 
discovered in tlie same cave m 1936 

FORESHADOWING MODERN MAN 

It has been claimed that of skulls of early man 
found in Kenya, in East Afhca, one may be 
appro-vimately of the same age as Pekmg man 
and Pithecanthropus, but it is of a different t)q)e, 
a precursoi of “ modern ” man The claim to 
a iiigh antiqmty for man m this region, resting 
as It does on exudence which at present lacks 
coi 1 oboration, must be regarded as “ not 
pio\ en ” 

It IS a lemaikable and sigmficant fact that 
the most primitive examples of early man should 
be deri\ ed from localities so xndely apart as the 
Far East and \Vestern Europe If the numbers 
x\ ere not so small, such a distribution in itself 
would suggest a dispersal from a common 
centre such as mid-Asia The occuiience of an 
early specimen of man in East Africa, notwith- 
standing the difference m tyqie, might also 
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favour an Asiatic origin, as being imthin 
striking distance of a line of migration from Asia 
folloived by other races m later times 

The three primitive types of early man — 
Pithecanthropus, Peking man and Piltdown man 
— show a striking agreement m certain general 
characteristics All of them exhibit features m 
which they show marked resemblances to the 
apes, but m others both Peking man and 
Piltdown man approximate to or foreshadow 
characters m “ modern ” man These latter 
characters are not entirely identical in the tivo 
types, and the differences are perhaps even more 
instructive than the identities The result of a 
detailed comparison of these specimens of early 
man is, in fact, such as would appear had 
Nature been experimenting along noiv one, now 
another, line of advance towards modem man 

HEAVY AND MASSIVE SKULLS 

All the skulls are heavy and massive, the bone 
being extremely thick, although m Pithecan- 
thropus and m Peking man the skulls are small, 
especially the Peking man skull first discovered 
at Choukoutien Measured in terms of cubic 
capacity, the skull of Pithecanthropus, so far as 
can be gauged from the skull cap, had a 
capacity of mne hundred cubic centimetres 
only, ^vhlle the skull known as Peking Man I 
is about one thousand cubic centimetres One 
of the three Peking skulls recently discovered 
reaches as high as one thousand tivo hundred 
cubic centimetres, but this is probably excep- 
tional 

RESEMBLANCES TO THE APES 

These measurements must be compared with 
the modern Australian aboriginal at one 
thousand two hundred and mnety cubic centi- 
metres, though even that is Imv for a modern 
type The modern European averages one 
thousand four hundred and fifty cubic centi- 
metres Piltdown probably stands at something 
over one thousand three hundred cubic 
centimetres A comparison of plaster casts of 
the interior of the skulls which show the form 
and character of the brain indicates that while 
the brain of Peking man was one of the most 
pnmitive human brains known, that of Piltdown 
man shows a deciOed advance towards the 
“ modern ” type 

As regards the general appearance of the 
skulls, all agree in being low and having a low 
receding forehead, hke that of the apes, but 
the most striking feature is the thick heavy ridge 
or torus of bone which runs across the forehead 


over the eyes, a mark of primitive man ivhich 
reappears, as ivill be seen, m later types and 
gives a fierce and repellent cast of countenance, 
such as IS evident, though in a less marked 
degree, in the Australian aborigines It is a 
distinctly simian charactei 

Nothing can be said of the facial skeleton of 
Pithecanthropus because the skull cap only is 
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NEANDERTHAL MAN 
Head modelled by Prof J H McGiegot on the 
skull found m 1908 at La Cliapelle-aux-Samts, 
Coiieze, Fiance 

present, but m the remaining two, as m later 
types, the loiver part of the face and lower jaiv 
project to form a heavy muzzle such as is seen 
m the apes, and almost forms a snout The 
bone of the lower jaw falls away beloiv the hne 
of the projecting teeth, so that virtually there is 
no chin The projection of bone in the loiver 
jaw forming a chin does not appear before 
“ modern ” man 

In all these characters, as well as in others of 
a more techmcal kind. Pithecanthropus, Piltdovm 
and Peking man agree in showing resemblances 
to the apes Bnef mention must noiv be made 
of certain sigmficant differences, especially as 
between the two latter 
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The first and most important point is the 
difference in the charactei of the loiver ja'ws of 
the two t^^es In Peking man the lois^er jaw, 
of ^vhlch eleven specimens are noiv knowm, 
though stdl massive and primitive, m certain 
characters sho'w s a distinct advance to\vards the 
type of “ modern ” man — ^m fact, it approaches 
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NEANDERTHAL WOMAN 
Neanderthal woman cleaning a leindeei skin A 
model on exhibition in the Field Museum of Natuial 
Histoiy, Chicago 

that type more neaily than in any other pnrm- 
tive skull The teeth, of which ovei a hundred 
examples have been found, also show ceitam 
“ modern ” characteristics 
In both respects the e\ ideiice has been intei - 
preted as revealing signs of development 
towards the modem Mongolian type This 
resemblance is fortified by the fact that Peking 
man appears to have had a broad flat nose like 
that of the Mongolian races Fuithei, there 
seems to be no reason Avhy Peking man should 
not have been able to talk, although it is 
inferred from the form of the jaiv that some 
other types of primitive man — as, for example, 
Heidelberg man, a pnnutive form kno^vn only 


from a massive jaw foimd in Germany m 1907 
— ^may not have been able to use the tongue 
in such a way as to produce articulate 
speech 

The loiver ja\v of Piltdoira man is a very 
different matter It is the most ape-like jaw for 
which a human ongm has been claim^ As 
the skull i\as found m fragments at different 
times, some authonties maintained that it was 
not possible for such a jaw to belong to a skull 
■which, foi a pnnutive type, -was so advanced 
They held that it had belonged to a fossil 
chimpanzee or even an orang-utan They also 
pointed to the ape-like characters of the teeth, 
especially of a camne tooth ^vhlch -was found 
some time after the rest of the skull, and is 
distinctly sinuan 

DISCO^^ERED IN KENT 

Fuither attempts at reconstruction of the 
skull from the fragments have brought it more 
into harmony \snth the character of the jaiv, 
w Inch IS now genei ally, though not universally, 
accepted as belonging to the skuU and as being 
a human jaw of very prinutive type The 
pioblem remains that an ape-hke jaw is here 
united w ith a brain of an advanced type, ^vhlIe 
in the Far East, in Peking man, an extremely 
primitive brain is found ^\■lth a jaw' w^ell 
advanced on the evolutionary track The 
iccent discovery at Swanscombe, Kent, of a 
skull similai to Piltdowu but of a more primitive 
appearance in certain characters, yet possibly 
much latei in date, has further complicated the 
issue Foi the moment, however, and as a 
pi actical measure the evidence of Plltdo^\^l man 
as a pnmitu e t)"pe may be accepted 

iNEANTDERTHAL MAN 

AVhen fiist Peking man was discovered it was 
thought by some that it ■was an ancestral tj'pe 
of Neanderthal oi Moustenan man Nean- 
derthal man {Homo Neanderthalensis) is an 
important but extinct form of early man w^hich 
for long ivas the onlv type more primitive than 
“ modern ” man known to science Its name 
IS deiived from the fact that the type W'as first 
recognized in a skuU found m 1857 in the 
Neandeithal Cave, Dusseldoif, Gei^many, but 
the Gibraltar skull found in a cave in Gibraltar 
in 1848 IS no^v know' to belong to the same 
group When this type of man is found m 
assoaation ^vlth stone implements these are 
invariably of the class of palaeolithic or Old 
Stone Age implements knoivn as Moustenan, 
first found in the cave of Le Moustier m the 
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south of hrance Hence Neanderthal man is 
sometimes called Moustenan man 

The chief reason for connecting Peking man 
iwth Neanderthal man lay in the general 
appearance of the skull, and more especially in 
the character of the jaw and the occurrence of 
the bony ndge or torus, characters in which at 
first sight It appeared to resemble these i\ell- 
knmvn features of the Neanderthal type It is 
now generally agreed that the occunence of 
these common features in the t\io types is due 
to a common heritage 

HUMAN CHARACTER QUESTIONED 

For long after the first kno\\’n skull of 
Neanderthal man was discovered its brutal 
and ape-like appearance caused its human 
character to be questioned The verdict m 
favour of its humamty has been suppoited by 
a large number of later discovenes ranging 
from isolated teeth to complete skeletons, which 
have established this as a distinct form of earlv 
man, clearly differentiated m a number of 
charactensUc features from “ modem ” man, 
Homo sapiens 

The numerous specimens ivhich have been 
found m Pleistocene gravels and clays of the 
penods immediately preceding and dunng the 
last great advance of the glaciers ovei northern 
Europe in the Ice Age (the Wman glaciation) 
as well as in caves, shotv a considerable 
vanability in type, but their main charactenstics 
are constant 

These are a loiv skull, a low retreating fore- 
head, showing the heavy ndge of bone across 
the brow found in the earher pnmitive types 
of man, and a heavy and brutal countenance 
in which the low'er part and heavy and massive 
jaw project like a muzzle There is no chin 
The teeth are large and of a distinctive charac- 
ter The capacity of the skull, averaging one 
thousand four hundred cubic centimetres and 
approaching that of the modern European, 
shows that the brain i\as large, but it was 
pnmitive m form and character 

FIFTY raoUSAND YEARS AGO 

Generally the skull and the bones of the 
rest of the skeleton of Neanderthal man have 
retained in a marked degree the ape-like 
characters w'hich w'eie noted m the earlier 
and more pnmitne types of earlv man, 
especially Pithecanthropus and Peking man 
The ape-hke appearance of Neanderthal man 
is further emphasized m the fact that the 
head was set on the vertebral column in such 


a w’ay as to project forward, ^\hlie the leg 
bones show that he could not stand completelj 
upnght He 's\alked wuth a slouch, recalhng 
the attitude and gait of the ape when upright 
Neanderthal man evidently had a wade dis- 
tribution in time as w’ell as in space Heidelberg 
man, knowm from the Mauer jaiv, as this relic 
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An Aiistialian abonginal nonian The likeness of 
the nose to that of the Neandei thal woman pictwe4 
opposite IS striking 

IS sometimes called from the sands outside 
Heidelberg in which it is as found, is regarded 
as an ancestral form of Neanderthal man He 
IS placed by some authorities as veiy little if at 
all latei than Piltdow n man The Neanderthal 
peiiod IS usually regarded as dating at about 
fifty thousand years ago 
The geographical distribution of Neanderthal 
man is of great interest Most of the specimens 
known have been found in Central and Western 
Euiope — Germany, Belgium and France, but 
relics of the type have been discovered m the 
Channel Islands, m Italy near Rome, and in 
Malta From west to east the finds become 
less numerous, but specimens have come to 
light in the Caucasus and in Palestine Outside 
this area, Solo man, human skeletal remains 
discovered in gravels on the Solo River in 
Ja\a in 1932, show Neanderthaloid features 
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and IS considered by some to be a forerunner 
of Neanderthal man Rhodesian man, found 
in South Africa in 1921, shows a close affinity 
to the Neanderthal type 
Rhodesian man is of special importance for 
the question of the descent ot man Its date 
IS uncertain, but it is probably a late survival 
It shows strong Neandei thal affinities, especially 
in the face and jai\, ivhich in ceitain respects 
are markedly characteristic of that type In 
other characters the rest of the skull more 


. a: 
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Found with lemaws of a typical human skeleton and 
modem animals m a cave at Bioken Hill, iioith-west 
Rhodesia 

nearly approaches the modern 1)^56, and it 
IS clear from the form of the base of the skull 
that Rhodesian man held his head more nearly 
erect and, as the leg bones also indicate, 
probably ivalked upright In this specimen 
we see again a remarkable combination of 
primitive and “modem” characteis 
At the close of the period in Europe known 
to archaeologists as Mousterian, Neanderthal 
man seems to have died out His place was 
taken by “ modern ” man, the Cro-Magnon 
man, as he is usually termed, of the later phases 
of the Paleolithic Age in Europe 

It was thought at one time that the line of 
descent of “ modern ” man might be traced 
through Neanderthal man, the connecting link 
being an ancestral form of the Australian, the 
most primitive of the modern races of man, 
but recent discoveries have shoivn that this 


type of early man stands quite apart and 
differs specifically, or even genencally from 
Homo sapiens It is evident, hoivever, that just 
as has been shown m the line of descent of 
man and the apes, there must be a common 
ancestoi of the two forms Neanderthal man 
split offfiom the common stock, and specializing 
in certain directions reached his fullest develop- 
ment in Western Europe, where he died out, 
probably as the result of environmental change 
— possibly owing to the climatic and other 
changes which took place towards the close of 
the Ice Age 

LADY OF LLOYD’S 

Certain lines of evidence support this view 
IVhen the Neanderthal type was the earliest 
form of man knmvn to science, ivith the excep- 
tion of Pithecanthropus, it ivas natural to seek 
in It the denvation of modern man Noiv 
both Piltdown and Peking man have shown 
that the germs of the modern type are to be 
found in certain characters m primitive types 
The evidence of Rhodesian man pointed m 
the same direction, as did also the Galilee 
skull, the Neanderthal form found m Palestine 
in 1925 These weie little more than sugges- 
tive indications of a possible interpretation 
before it was recognized that the skull known 
as the Lady of Lloyd’s, found in London m 
1925, was not only essentially “modern” in 
type, but also belonged to a penod which 
antedated Neanderthal man, or at least ivas 
contemporary inth the earliest known examples 
of that type A strong presumptive case ivas 
thus made out for the argument that the hne 
of “ modem ” man ivas as old, if not older 
than Neanderthal 

PRECURSORS OF EUROPEAN MAN 

The claim foi a high antiqmty for the hne 
of descent of “ modern ” man has now been 
placed beyond question by recent discoveries in 
Palestine Sir Arthur Keith and Mr T 
McCown, in a preliimnary report on skeletons 
tvhich ivere discoveied in 1933 in caves on 
Mount Carmel, have identified two distinct 
races m this material 

The two laces weie contemporaries Of 
them one is of the Neanderthal type, closely 
lesembling though not identical inth the 
Neanderthal of Western Europe, irhile the 
other, a very variable race, is virtually identical 
w ith the Cro-Magnon race of Eui ope — a form 
of “ modern ” man They are tall, have the 
Cro-Magnon type of skull, and they show a 
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chin They may, in fact, be regarded as the 
precursors of European man They have made 
substantial progress in development towards a 
form out of which modern races of Europe 
might evolve 

These tivo races also antedate or are con- 
temporary with the earhest forms of Neanderthal 
man, as the fossil animals ivith which they are 
associated m the cave deposits belong to the 
period ivhich preceded the last great glaciation 
m Europe, the heydey of Neanderthal man 

As has already been stated, this second and 
“ modern ” race is very variable Some of the 
specimens shmv features -svhich belong to 
Neanderthal man It is evidence, therefore, 
that they are m process of development It 
may be said, m fact, that we are here looking on 
the evolution of one of the earhest of the Euro- 
pean races, not indeed from a Neanderthal form 
out from the form of a common ancestral type 
EVIDENCE FROM PALESTINE 

The significance of this evidence from Pales- 
tine is brought out more clearly if it is brought 
into relation to the distribution of Neanderthal 
man to ivhich reference ivas made above, when 
it ivas pointed out that the finds of Neanderthal 
became more rare m progressing from West to 
East It IS important to note also that the 
examples found in Eastern Europe, and farther 
East — as, foi instance, the Galilee skull — show 
certain affinities with modern man ivhich are 
not found in the more fully typical specimens 
In the light of the evidence from Palestine 
this must now be taken, not as evidence of a 
modification of the Neanderthal type toivards 
“ modern ” man, but rather as indicating that 
as \\ e approach the location of origin of the type 
m the East, its form tends to show the more 
clearly evidence of a line of descent ■which is 
diverse from that of Neanderthal In type, if 
not necessarily in time, they represent an 
earlier or less completely differentiated phase 
than the fully developed Neanderthal form of 
Western Europe 

AMERICA REACHED FROM ASIA 

With the emergence of Cro-Magnon man on 
the European scene in the final phases of the 
Ice Age ■when Neanderthal man disappeared, 
■we enter upon another aspect of the study of 
man Confronted ivith this tall upstanding 
type, ^vlth modern form of skull and face, 
modern jaiv, furmshed with a chin and a 
modern brain, we are no longer dealing with 
the human race as an entity, but \vith the 


question of the ongins of the modern races 
It IS true that little is knmvn as yet as to hois 
and where Homo sapiens as such originated, but 
before much fight can be thioivn on that 
problem ive need to knoiv much more of hoiv, 
when and ivhere the several varieties or races 
of Homo sapiens first began to be 
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CRO-MAGNON MAN 

Head modelled by Pi of J H McGiegoi on the 
skull found in 1868 at Les E\zies, Doidogne, Fiance 

In Europe alone, for example, although it is 
customary and convement to speak in general 
terms of Cro-Magnon man as typical of the 
later Palaeolithic peiiod, yet in addition to 
Cro-Magnon man in the strict sense of the term 
there are at least three, and possibly more 
forms ishich can be distmgmshed among the 
skeletal remains of this Age which must be 
studied in their relation to the problem of the 
origins of the races of Europe 

Other forms of early “ modern ” man are 
knowTi from North Africa, from East Africa 
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and from Soutli Africa, ■while Rhodesian man 
cames us on to early forms of “ modern 
man in Java, thence to those of Austraha and 
so to the modern Austrahan, and from the 
later Palaeohthic Age, or possibly the folloi\mg 
Alesohtluc or early Neohtluc, some form of eaily 
man i cached America from Asia 
A summary of the mam hne of argument in 
this chapter may ser\fe some useful purpose 
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AUTHORITY ON EARLY MAN 
Sir Arthur Keith F R S , one of the » orld s leading 
aiit lion ties on all that concerns earlv man 

Alan, apes and monkeys, it is maintained by 
most scientists, are descended from a common 
ancestor, -^sho must be sought m the eaily 
phases of the Tertiarj’^ period in the geological 
time scale Early m the hne of descent, 
monkep, then apes branch off from the family 
tiee and by adaptation become so completely 
fitted for life in their respective en^^ronments 
that further development ceases Some die out 
\vhile others perpetuate their kmd, to sur\^\ e in 
the present-day monkeys and apes Of tlie 
early forms ivhich have died out, fossils have 
been found i\hich shotv their aflSmty ■with the 
human hne of descent 

Of the specifically human, early forms have 
been found m Pithecanthropus, Peking man and 
Pdtdotvn man These forms as such became 


extinct, but they exhibit characters i\ hichpomtin 
part in theu ape-hke form to their hne of ongin, 
•\\hile in tlieir foreshadoismgs of the characters 
of “ modem man they point the direction 
which as bemg taken b) the hne of evolution 
RAILURE AND TRIUMPH 
Neanderthal man, on the other hand, is an 
early fonn of specialization a-w a) from the hne 
taken in the eiolution of modern man On 
attaimng the fullest development of Ins speaal 
qualities he gained piedominance for a time 
but failed to adapt himself to altered conditions 
of chmate and surroundings and died out Tlie 
hne of descent of modern man shows tliat he 
v\ent fuither tlian his precursors in sheddmg 
characters held in common vndi the apes, 
v%hile he refiamed fiom developing diose special 
attributes by vthich mans simian relatives 
effected an adaptation to tlieii enviromnent 
Alan developed his mampulative skill and his 
intellectual eqmpment, and thus succeeded m 
piescrvnng his adaptabditv^ vshile fostenng the 
specific quahties of Homo sapiens by vshich 
human civahzation has been budt up 
THINKERS DIFFER 

Although the majority of scientists are more 
or less agreed regarding the Imes of mans 
development as outhned above, some thinkers 
do not see eve to eve vntli the evolutiomsts 
On a famous occasion, Disiaeh remarked “ Is 
man an ape or an angeP I, mv' lord, I am on 
tlie side of the angels ’ This was m 1864, but 
in 1935 Sir Ambrose Fleming vigorously 
protested against what he regarded as ‘ one- 
sided teaclung of the animal origin of man by 
imaginaiy or mghtmare-hke pictures, which 
attach importance merelv to certain similarities 
in bones, bodv , blood and behaviour m man and 
ape, but Ignore altogether the immense actual 
or potential dissimilarities mental and spiritual ” 
To quote another wnter. Dr. "W* H P 
Faunce “ The doctnne of evolution, nghdy 
understood and interpreted, is to-day one of 
tlie most powerful aids to rehgious faith It 
has dehv ered thousands from perplexity amount- 
ing to despair It has supplanted the old 
paralping conception of a ‘ w orld-machme,’ 
a world mechamcal and hfeless, gnndmg out 
human destiny without end In place of that 
soulless mechanism we now hav'e a growmg 
organism In the w ords of John Fiske, ' The 
simile of the watch has been replaced by the 
simile of the flow er ’ A dev eloping w orld still 
in the process, ceaselessly unfoldmg, still to be 
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shaped by human purpose and effort — that is 
the inspiring conception now placed in the 
hands of the Church by modern science, a 
conception \vhich formed the basis of the first 
Chnstian parable of the ‘ The Soever ’ ” 

DOCTRINE OF DEVELOPMENT 
“ Science is not yet able to discern a ivorld- 
soul or a Creator, it leaves that to religion It 
has nothing to say about the purpose and goal 
of hfe or the spiritual presence m all things, 
which is the vital breath of religion But it 
has shown us a universe ahve, progressing, 
climbing -with many back-ward steps towards 
‘ one far-off divine event ’ The doctrine of 
development has cleaied aivay most of the 
difficulties in Old Testament ethics, and enabled 
us to reconcile teachings which, given in different 
centuries, arc yet umted in one Book It has 
furnished the Church with a powerful apologetic, 
which many of our leaders are now using ” 

Dr W R Inge is not altogether m agreement 
ivith the writer quoted above “ We must not 
deify evolution,” he notes “ Evolution is 
ahvays of finite things ivithin a -whole We 
cannot infer from the fact of human progress 
within the historical penod that the whole 
creation is in progiess of development toivard 
‘ one far-off divine event ’ My conclusion 

is that evolution is only the method bv -which 



GALLEY HILL MAN 

Based on an eaily skull of indetei inmate age found 
neai the mouth of the Thames Authonties diffei 
as to Its dating 



SPIENNES MAN 

He lived dm mg the latei Stone Age, when eaily 
•nan used tools oj stone, bone and horn 

the eternal God carnes out most of His purposes 
in the M orld Belief m gradual change is taking 
the place of the older behef in catastrophic 
Divine intervention ” 

Refei ence has been made in an earlier 
chapter to the controversy which took place 
when Darwun announced his theorv of evolu- 
tion " I will not join in the choius,” Di 
W R Matthew's told the members of the 
British Association m 1932, “ and deride the 
theology of the Victorian Age for resisting 
Darwin’s theory of evolution The theologians 
did not oppose Danvin on the ground of 
imperfections in the theory Their real reason 
was that they felt a revolutionary change was 
being threatened m the status of man ” 

FALLEN ANGEL OR RISEN APE ’ 

“ A fallen angel or risen ape -was the crude 
but not w'holly false way of stating the antithesis 
between the traditional religious view of man 
and the new' scientific conception No change 
in scientific ideas, I suppose, will ever reverse 
the process or make it possible to return to the 
opimons of pre-scientific religion on the ongm 
of man I\ffiatever be the details of the process, 
we must think of him as the product of an 
evolutionary process ’ 
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SHEYKH OF THE SYRIAN DESERT 

A sheykh of the Haddediyym tribe, which is mainly located in the iiortheiii paits ofSvria between Aleppo and 
Mosul and also north-east of Damascus, slightly Mest of the Sha'ban The title '‘sheykh ” indicates the 

head of a nomadic Arab family, tube, oi clan 



1 
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BLACKFOOT INDIANS ON THE WATCH 

Many of the North Ameiican Indians display a distinctly Mongolian cast of feature, winch indicates that 
their aiicestois probably came fioin Eastern Asia The Blackfoot gwup consists of three tribes 
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B efore it is possible to discuss the origin 
and distribution of modern races to any 
good purpose, it is necessary to have 
clearly in mind ^vhat is meant by “ race ” 
This IS a question on \s"hich there is apt to 
be much confusion in thought, and which 
unfortunately is sometimes made a warrant 
for injustice m action Difference in race is 
^v^ongly held to imply a difference m chai acter 
and status, such as to justify that section of 
society ivhich regards itself as belonging to the 
superior race in inflicting political, social and 
economic disabilities on the race or races 
stigmatized as inferior This has happened m 
Germany in the persecution of the Jews and 
so-called “ non-Aryans ” 


In approaching the scientific study of “ race ” 
and the races of mankind, the fiist essential is to 
look at the facts and lay aside all preconceived 
ideas When we ivere at school ue tv ere 
taught — or at least some of us were — that the 
Chinaman had a yellow skin, flat face, broad 
cheek-bones, lank black hair, and so forth, 
the Australian aboriginal a black skin, broad 
flat nose, beetling brows and so on, and the 
other races of the world were descnbed m the 
same way and in similar terms ^^'e gathered, 
or were left w'lth the impression, that these 
“ races ” were more or less fixed types 
unchanging and absolutely distinct 

The anthropologist’s view' is far otherwise 
He finds vanous charactenstic associations of 
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bodily features constantly recurring in groups 
among the peoples of the ivoild, and to each 
of these groupings he apphes a desciiptive title 
for purposes of future identification and 
study 

He finds, for example, that a yellow skin, a 
broad fiat face ivith broad cheek-bones, lank 
black hair and other chaiacterisbc featmes 



TYPICAL ITALIAN 

Most of the Italians are of the Mediteri anean type 
shoit, dark-haued, with daik eyes and a long head 

aie constantly associated together, and so 
labels this constantly lecurring association of 
characteis “ Chinese,” or moie strictly “ Mon- 
golian,” because it occurs most frequently and 
IS the predominant (but not the only) type 
found in Mongoha, China, and othei parts of 
Eastern Asia 

Anothei grouping of characters, as inll be 
seen later, is called the Mediterranean race, 
because although it occurs all over Europe, it 
IS the tjqie found most commonly m the 
countnes around the Mediteixanean and 
appears to have originated tliere 

The populai view of race begins from the 
tvrong end It begins with the type and tries 
to fit the people into it The scientific 


concept of race collects the facts and fi:om 
them constructs a generalized type 

Furtlier, as all racial groups, hoi\ ever nearly 
approaching uniformity, m fact vary wathm 
certain limits, ■s\hich can be calculated statis- 
tically, the anthiopologist recogmzes that his 
tvpes oi laces are not “ fixed,” but are 
generalized descriptions to %vhich the mem- 
bers of the race onlv tend to approximate 
Not all hlongoloid peoples, including the 
Chinaman, are exactly like the Mongol type, 
and individuals may approach it more nearly 
in some characters than m others 

ONE SPECIES BUT MANY VARIETIES 

The opinion most generally held by scientists 
IS that the modern populations of the world 
all belong to one species {Homo sapiens) and 
spring fiom one stock But man is the most 
vanable of all the ammals, and it is obnous 
that this single species includes many vaiieties 
Vaiiation has, in fact, been going on evei 
since the eaihest davs to which it has yet been 
possible to trace the histoiy of “ modern ” 
man, as Homo sapiens is called to distinguish 
him from the othei more pnmitive forms of 
man now’ extinct These variations shade into 
one another, but as explained above, the 
vanable characters tend to form distinctive 
“clusters,’ w’hich aie the antliropologist s 
“ racial types ” 

In the later stages of the Old Stone Age, 
w’hen, as ^\’as pointed out in the preceding 
cliapter. Neanderthal man had apparently died 
out and “ modern ” man had become pre- 
dominant, there A\ere already se\eral varieties 
of the latter t)’pe existing in Europe, while at 
the close of that peiiod not only had the bioad 
lines of the lacial differences of the modem 
peoples of Europe begun to show themselves, 
but distinctive foims were appearing in Noith 
Africa, Palestine, East Africa, South Aihca, 
Java, Australia — m fact in everv part of the 
w'orld in v\hich human skeletal lemains have 
been found associated v\ ith tlus phase of Stone 
Age civihzation 

WHAT RACE MEANS 

These facts point to the conclusion that 
variabihty is a very ancient characteristic of 
“ modern ” man It raises an interesting ques- 
tion Are v\e justified m regarding these 
variations as anything moie th'”! individual 
aberrations, or is there any sufiicient leason 
why we should regard them as distinct races ^ 
The problem cannot be solved conclusively 
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until we have arnved at a satisfactory definition 
of what we mean by “ race ” 

In the strict sense of the term, “ race ” is 
a purely biological concept In brief, it con- 
notes “ a group of people who have certain 
well-marked features m common,” a defimtion 
ivhich perhaps had better be somewhat 
expanded The term “ a race ” should be 



NORDIC OF FAME 

D/ F Nansen, the Noiwegian explot ei, ira^ of the 
Nordic type, which predominates in Scandinavia 


used only of a group of individuals, adequate 
m number, exhibiting a numbei of physical 
(bodily) characteis m common, ivhich aie 
usually constant, and by which the group is 
distinguished from all other gioups, and ivhich 
are transmitted by mheiitance from paients to 
offspring, and as a lule have been so transmitted 
over a number of generations ^ 

The numbers of the group must riot be tpo 
small Only, m exceptional circumstances 
■would so small a umt as a single family con- 
stitute a race Tf, the characters are not 
constant the group wll be too variable to be 
recogmzed, and inheritance through a number 


of generations is necessary to show that it is a 
stable type 

Before deahng further ivith this question, a 
few words must be said as to the methods of 
study and the principles by which different 
races are distmgmshed one from another 
LONG AND BROAD HEADS 

In studying race we are deahng with bodily 
or physical characters only, and for purposes of 
scientific analysis and statistical mampulation 
It IS preferable that the characters selected 
should be such as can be measured accurately 
or described by reference to a standard scale, 
foi example, the colour of hair, eyes and skin, 
whicli can be described as light or dark, or by 
matching -with a graded and numbered colour 
scale 

It has been found as a matter of observation 
that there are certain parts of the body in the 
charactei or measurements of which the mem- 
bers of the same race or group agree ■with one 
anothei within a fairly well-defined and limited 
range, and vary significantly m these parts 
from the members of other racial groups 

Such a character is the size and shape of 
the head The head is classified as long or 
broad according to the relation of the breadth 
to tlie length expiessed as a percentage This 
percentage as a rule falls between sixty-five 
and ninety A head m ivhich the breadth is 
seventy per cent of the length is long, or 
dolichocephalic, one of eighty per cent and 
over IS broad, sometimes called round (the 
scientific term is brachycephahc), especially if 
the percentage is eighty-four and over 
HAIR AND STATURE 

Much stress is laid on the natuie as well as 
the colour of the hair Whether the hair is 
straight, wa^vy or cuily, oi frizzy, depends on 
the shape of the individual hair m section 
This may be round, oval or flat, and this fact 
IS considered of such importance as to have 
been made by some the mam criterion of 
racial classification Stature, as ivell as the 
length of the limbs, is of some importance, 
but it IS apt to vary ivith nutrition and other 
functional factois, and theiefoie may be decep- 
tive Theie is altogethei a large number of 
•characteis considered to be racially significant, 
but the above are usually held to be the most 
important 

It IS important to remembei that race is a 
purely biological and physical term, because 
the word is often loosely used to cover other 
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forms of unity, as when we talk of the French, 
Italian or Spanish race In such case it 
designates a geographical, national or political 
entity, not necessarily connected wth racial 
origins or the composition of the people In 
such popular phrases as “ the Latin races ” or 
“ the Celtic races,” the only bond of union 
that should be implied is that these peoples 
speak languages which have a common origin 
There is no Celtic, no Latin race, but a number 
of races speak Celtic or Latin tongues 
PURITY OF RACE 

Argument on questions of race is pecuharly 
prone to the fallacy of “ purity of race ” 
There is no such thing A pure type or race 
could persist only if the group lived and 
inbred in complete isolation Fiction has often 
played with the fascinating idea of such a 
group, but science has not yet succeeded m 
discovering one 

Immediately one group interbreeds with 
another the punty of both breeds vanishes, 
and as man from his earliest days has proved 
himself capable of enduring any climatic 
environment, and consequently has wandered 
and interbred freely all over the world, it is 
clear that even if on “ modern ” man’s first 
appearance the species exhibited only a small 
number of vaneties conforming to our definition 
of race, their “ punty ” did not last long 

By interbreeding the characters differentiat- 
ing the races are redistributed among the 
descendants of the onginal groups If any of 
these new groupings of characters prove con- 
stant and transmissible by inheritance in 
any appreciable number of individuals, they 
constitute new or secondary racial types 
NEW RACIAL TYPES 

Further spontaneous variations may arise 
which prove transmissible by inheritance and 
give rise to new racial types The reasons 
for such spontaneous variation are obscure, 
but they have been attributed to the action 
of the ductless glands Indeed, according to 
one theory which has been put forward, the 
more strongly marked variations m the dis- 
tinctive racial characters may be attributed 
to quantitative or qualitative vanation m the 
action of these glands 

Such are the only arguments by which it is 
possible to explain the conditions ivhich are 
found to exist among modern races There 
are no “ pure ” races Each local group, as 
for example the people of England, includes a 


number of different racial types, not hvmg 
apart from one another, but intermingled and 
intermarrying freely Very frequently indi- 
viduals show characters belonging to tivo, 
three or more racial types 
Take for example two contrasting types in 
the scientific classification of races, the Nordic, 
tall, fair- skinned, with fair hair, blue eyes and 
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WOMAN OF INDIA 

Many of the native luleis of India aie closely akm 
to the Nordics, being of the Aryan type 

a long head, and the Mediterranean, short, 
dark-skinned, with dark hair, dark eyes, and 
also with a long head If these two diverse 
types are crossed, the offspnng may resemble 
one or other parent, or a mixed type may 
lesult It IS only occasionally that the charac- 
ters of the tis'o types blend in such a way that 
the product is an intermediate type 
In certain studies of heredity it has been 
shown that ■when “ tall ” is mated ivuth 
“ short ” the offspnng will be either “ tall ” 
or “ short ” or both, but not as a rule inter- 
mediate or “ medium ” An even better exam- 
ple IS the mating of blue eyes and dark eyes, 
of which the offspring wdl normally have either 
blue or dark eves but not a blended colour 
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On the otlier hand, skin-colour characters, 
especially ^vhen at opposite ends of the scale, 
as “ black ” or “ white,” tend to produce 
a blend such as mulatto, quadroon and octo- 
loon m ivhich the daik pigment diminishes if 
further -white dilution is intioduced, but there 
IS always the chance of i eversion to the oiiginal 
t^qie More frequently however, some at 



TML IIOEFLCR (MONDIAIx) 

AFRICAN PYGMY 


Tlie Pygmies, closely related to the Negioes, live 
in the steaming foi ests of the Congo 

least of the significant racial chaiacters are 
each the subject of a sepaiate mheiitance, and 
instead of one or other of the stock tjqies a 
“ mixed ” type lesults, m ivhich vaiious indi- 
vidual chaiacteis inherited intact from one oi 
other of the parents appeal in combination 
The colour of the hair may be inheiited 
from the mother, and ol the eyes from tlie 
father Hence ^ve find dark hair, wluch as a 
racial character should go ^vltll dark eyes, 
associated i\ath blue eyes, or ivith a stature 
that IS tall ^\hen it should be short Oi the 
revel se may be the case A short fair man 
will have dark eyes, though noimally fair 
colouring goes i\ith tall stature and i\uth light 


or blue eyes Thus the offspring of such crosses 
are “ mixed,” not true intermediate types 
A confusion of racial or type characters in 
the individual is almost inevitable This mtII 
be realized ivhen it is remembered that each 
one of us m a period of little over tivo hundred 
yeais may have had as many as five hundred 
ancestors Each one of these had a different 
and indmdual make-up acqmred by inhent- 
ance, and each of them has contnbuted 
something physically to our oira make-up 
The futility of much argument about race in 
popular and political hterature, such as has now 
appealed m Germany, is patent It demands 
a “ purity ” of race wluch is incompatible ivith 
known histoncal and biological facts 
STUDY OF HUMAN HEREDITY 
In these circumstances it may be urged that 
study of “ race ” is academic and of litde 
value, scientific oi othei, if no more positive 
lesult can emerge There aie, however, cer- 
tain facts -w hich have to be taken into account, 
ceitam methods of study to be employed, by 
u hich Ol del may be brought into this apparent 
chaos It IS the business of the study of human 
hereditv, tilth the aid of the science of genetics, 
to investigate hoiv and tshy man’s physical 
characters aie inherited as they are 
^\hen the lacial chaiacters of any given 
population have been observ^ed, lecorded and 
studied b) the appropriate statistical methods, 
certain facts appear It is found that inhent- 
ance is not entirely indiscriminate Certain 
characters tend to be dominant They appear 
in greater numbers and -with more peisistence 
than others, \\ath the result that these lattei, 
the lecessive chaiacters as they aie called, tend 
to breed out, -while tlie dominant, -which in 
some either amount to, or tend to become the 
racial type, sumve 

FROM SCANDINAMA TO ITALY 
Blue eves, fan haii, tall stature, for instance, 
are dominants in a population which in con- 
sequence IS labelled as belongmg to the Nordic 
t^qje Again, ^vhen the racial charactei-s have 
been soi ted out and tested by statistical methods. 
It is usually possible to build up a conception 
of the oiiginal type or types from which the 
population has been composed This lepre- 
sents, in all probability, the main stock or 
stocks and the fundamental hereditary t)'pes, 
fiom which the physical characters of the 
existing mixed population aie derived 

An example -will perhaps make this clear 
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Take the peoples of the continent of Europe 
along a line from the north of Scandinavia to 
the south of Italy In the north the type is 
Nordic, tall, fair-haired with light or blue eyes 
and a long head In Central Europe it is 
Alpine, medium in height, ivith chestnut or 
light blown hair, grey or light broivn eyes, 
and broad-headed In the south it is Mediter- 
ranean, short, dark-haired, -with dark eyes and 
a long head 

EVIDENCE OF ADMIXTURE 

In any one district along this line, the bulk 
of the population will tend to conform to the 
race-type of the region In the north it will 
resemble more or less closely the Nordic type, 
m the south the Mediterranean, but m both 
cases there will be many individuals who do 
not conform to the dominant type In Scandi- 
navia there is an appreciable dark element 
with a tendency to broadness m the head 
In some members of the population individual 
characters may be so modified as to form a 
blended or intermediate tvpe, others ivill show 
a mixture of characters belonging to the two 
different types, but on the whole the fair type 
and fair characters ivill be dominant The 
true racial type of the region, the Nordic, 
tends to persist 

The same applies to the race types in Alpine 
and Mediterranean regions In the south there 
IS correspondingly a fair element, but the dark 
racial type tends to persist and is the dominant, 
while a certain number shoiv a mixed inheri- 
tance In the central area in addition to the 
broad-headed Alpine, the charactenstic type, 
there is evidence of admixture with the long- 
headed fair population to the north and the 
dark long-headed population which hes to the 
south 

VALUE OF ANTHROPOLOGY 

It is owing to this admixture in the distnbu- 
tion of the mam racial types of Europe that it is 
still possible to speak -with precision and in 
accordance ivith the facts, of, for example, the 
Mediterranean element or strain in the popu- 
lation of Great Britain, meamng the short dark 
people of say Wales and the ivest, although the 
individuals to i\hom this description is applied 
have no personal connection with the Mediter- 
ranean, nor did their ancestors come from there, 
at any rate within some thousands of years 

It follows then that when we speak of any 
given population as belonging to a certam race, 
we mean no more than that a cons'derable 


proportion of the total population conforms 
more or less closely to the groupings of physical 
(bodily) characters, ivhich are regarded for 
pui poses of classification as constituting ceitain 
racial types 

When a large proportion of indiwduals in 
any one population shoiv tall stature, fair 
complexion, blue eyes, fair hair and long head 
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WOMAN OF CEYLON 
The dominant race of Ceylon is the Sinhalese 
Then ancestois came fiom the Ganges Valley 

togethei that population is said to belong to the 
Nordic type, of ivhich these are the characteris- 
tics, just as, if they have a black skin, woolly 
hair, long head, thick lips and other marks of 
the type ive call them Negroes 
When the anthropologist has worked out the 
distribution of such characters in the population 
and has determined the various types to which 
they belong, it becomes possible to trace the 
racial history of the commumty, that is, to 
decide ivith some probability what strains have 
gone in the past to make up the population 
This knowledge is of great importance in social 
legislation and the work of social betterment 
It IS only when we know the racial strams in 
a people that we can say ivith certainty to ivhat 
physical standard or standards they ought to 
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attain, and decide if they shoiv signs of inade- 
quate physical development, the effect of 
malnutntion, or of an unhealthy environment or 
an unsuitable or unhealthy occupation and so 
forth 

PRIMITIVE EUROPEAN RACES 

Take, for instance, the question of stature, 
a physical character ivhich seems to be very 
sensitive to adverse conditions If in one aiea 
the population is of the Noi die type, the standard 
height wll be greater than in an area in which 
the predominant type is Mediterranean A 
comparison of the two populations wth 
reference to physical development based on 
measurements of height might lead to quite 
erroneous conclusions, unless i\ e know the racial 
standard height The Meditei ranean popula- 
tion, though shorter, might be better nourished 
than a taller Nordic population which fell 
short of Its proper standaid Questions of 
health are also involved m othei ivays, as some 
races and racial types seem to be peculiarly 
liable to suffer fiom certain forms of disease, 
such as consumption and perhaps cancer 

We may now turn to the classification of the 
varieties of man into laces as they exist at the 
present day A scheme of classification based 
mainly on coloration ^vhlch coincides roughly 
rvith the distribution of peoples on the great 
continental land masses may be taken as a 
starting point 

According to this scheme humanity falls into 
three or four divisions, each inhabiting one of 
the large land-tracts of the globe — the black 
race m Africa, the yelloiv lace m Central and 
Eastern Asia (ivith offshoots in the Indians of 
America and the peoples of South-Easter n Asia 
and the Pacific, of which the latter are some- 
times put in a separate category as the brown 
race) and the w'hite race of Europe, or more 
correctly of the Euro- Asiatic tiact, Avhich 
extends up to and includes India and IVest 
Central Asia The Australian aboriginal, 
sometimes regarded as a separate race, seems, 
notivithstanding his dark slun, to be an earlv 
offshoot from a primitive form of the “ white ” 
stock, as also is the “ Hairy Amu,” the primitive 
hirsute indigenous inhabitant of the northern- 
most island of Japan and the island of Sakhalin 

One character alone is not sufficient for the 
purposes of scientific classification, though, 
broadly speaking, the classification given above 
stands even when other characters are added as 
distinctive 


If the nature of the hair and the shape of the 
head be added to colour, ive find that m the 
Negro of Africa dark coloration is accompamed 
by ivoolly or frizzy hair and a long head, in the 
Mongol of Central and Eastern Asia the yellow 
pigmentation is found with coarse, lank, 
straight hair and a broad or round head, while 
Europe again stands midw'ay The white 
peoples have a tendency to ivavy hair, and they 
also incline on the one side to the long head of 
the African, on the other to the broad head of 
the Asiatic, though in neither instance m quite 
such a pronounced form 

At this point, even though ive are dealing 
with three characters only, the pnmary scheme 
of classification begins to break doivn and 
cross-classification becomes necessary If the 
American Indians are included in the yellow 
race, as is usual, both long and broad heads are 
to be found in this group Evidently another 
strain has been introduced, and the simple 
classification by colour is inadequate The 
facts are more complex than is compatible ivith 
a classification ivhich rests on colour alone 

Much the same difficulty anses in dealing 
wath the peoples of Indonesia and the Pacific, 
w’here both long and broad heads appear m 
combination with both frizzy and ivavy hair 
This supports a suggestion put fonvard on 
other grounds that at some remote period the 
Pacific peoples received an influx of blood 
closely akin to the long-headed European tjq>e 
The suggestion has no reference to recent white 
admuxture 

It wall be noted in the classification given 
above that the peoples of Europe stand midway 
betw'een t^vo diverse types yellow broad-head, 
black Jong-head This is a matter of no little 
interest Some hold that the European races, 
in a physical sense, are the most primitive of 
all, lepresentmg the least modification aw'ay 
fiom the oiiginal primitive stock, w'hile the 
African and the Mongol are the result of 
specialized development m diverse directions 

JAPAN AND CHINA 

These specializations have reduced the adapt- 
ability of the black and vellmv races and have 
interfered ■mth their advance along lines which 
have been left open to the more adaptable 
European wnth his less highly specialized 
physique and nervous system The argument 
IS not vitiated by the recent cultural progress of 
Japan and in a less degree of China, which is 
due to the artificial stimulus of European impact 
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BANTU BEAUTY FROM TANGANYIKA 


The Bantu-speaking peoples aie dominant over the gi eater pait of Aftica south of the Sahara It is supposed 

that their Negio ancestors intermarried with memheis of a lighter-skmned people from Asia 
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'When onl) a small number of I'aaal chaiac- 
tei-s IS taken into account — as, for example, in 
the gioupmg bv head-foim and coloui — the 
peoples of the lespectne continental legions 
ma) appear compaiatiieh umfonn but tlus 
appaient uiuformit\ is laigeb illusoi\ li a 
moie exacting system of classification is applied 
As the numbei of lacially sigmficant chaiactere 
forrmng tlie basis of classifications is increased, 
e g as U'pe of hair, foim of nose statuie, and 
so on aie added as classificaton chaiacters, 
populations bieak up into smallei and smaller 
di\asions and sub-dmsions, unless an inordinate 
amount of cioss-classification is admitted 

PYGMIES AND NEGROES 
In Em ope, as ahead\ mentioned, theie aie 
tliiee mam raaal ts^es — the Nordic the Alpine 
and die Mediterranean The last named is 
found on die noi thei n shoi es ol this inland sea, 
all along the coast of Noith Afiica and inland 
as fai as the Sahaia It-is, m fact a division 
of a lace which, vvath local modifications, 
extends fioni Gieat Britam b) wav of the 
western coast of Europe, along the Meditei- 
1 anean, tlu ough Palestine, Ai abia Mesopotamia 
and Peisia to India and even bev'ond 
To tills race as a whole important both in 
antiqiutv and at the present dav, the name of 
“the biowm lace ’ has been given, to be 
distingmshed fiom the brown lace which was 
mentioned above as extending fiom Eastern 
Asia into the Pacific As the Semite it is the 
mam stock of the Aiabs This stock, mingled 
wadi that of the broad-headed Alpine oi 
Aimenoid from Anatolia, gav^e nse to die Jcvvs 
Of the peoples of Europe of todav', the 
Scandmavaans, pait of die peoples of Britain, 
Noithein France and Northern Central Europe 
including some, but not all, of the population 
of Germanv are Nordic the peoples of Centi al 
Emope, fiom Central France to Eastern 
Europe and including die Balkans, are Alpine 
There is a laige Alpine element m Germanv' 
and the Slavs are predommanth’’ a localized 
foim of die Alpine lace 

The peoples of Soudi Europe are predoiui- 
nandv hlediteiranean m tv'pe, though theie is 
much admixture especially m Poitugal wheie 
Negio blood has been mtioduced, and m Greece 
due to the intrusion of Slav, Tuikish and 
Anatohan peoples as well as early Nordics 
Russia, paidy Slav’’, has a v^erv considerable 
infusion of Asiatic and Mongoloid (Taitar) 
blood 


Although the distiibution of laces in Africa is 
still a matter of considerable obscurity , up to a 
point die facts aie fairly clear In the north, 
as alreadv stated, the population is Mediter- 
ranean wath an admixture of the specialized 
Asiatic foian of that race knowm as Seimtic due 
to Arab invasion, and an infusion of blood from 
the negroid south 

In “ Black Africa, which begins vnth the 
Sahaia and extends throughout the Continent 
to die southward, the distribution of peoples is 
pel haps most easih to be set out m terms of 
migrations The earliest and most deeply 
rooted of existing peoples aie the Buslimen, the 
almost extinct pnmitiv e people of South Africa, 
most readily distinguished by their dimmuUvfe 
stature, then closely coiled peppercorn-like 
hail and the accumulation of fat on their 
buttocks, a character peculiarlv' noticeable m 
the w omen in w horn it is considered a beauty 
By some die Bushmen aie thought to be 
descendants or an offshoot, of die Palaeolitlnc 
peoples responsible for the cav e paintings found 
in the noith of Spam 
The Bushmen aie shoit, but not pygmy 
Real Pvgmv peoples aie found m ^Vest and 
Central Afnca in die forests of the Congo 
Opinion IS divided as to whether die Pvgmies 
or the Bushmen lepresent die earhest wave ol 
immigiation to reach Africa Theie is much 
to be said for the Pvgmies, dieir primitive 
cultuie suggests that thev' belong to a very^ old 
stock 

The Pv'gmies aie closely' assoaated wadi the 
Negioes, who represent anothei eaily' wave of 
imgration Tlus dark-skinned woollv-haued 
thick-lipped and broad-nosed tvpe of I\est 
African IS too famihar to need fiirdier 
particularization 

B\NTU-SPEAKING PEOPLES 
Closelv' related to the Bushmen are the 
Hottentots, but dieii exact laaal oiigins are 
obscure They aie thought to be the lesult 
of a cross between the Bushmen and a taller 
and moie lefined Negroid stock 

The Negio was followed bv' a less markedly' 
Negioid and hghter-skmned gioup of peoples 
who kept catde Of the earlier peoples the 
Bushmen and Py'gmies w ere hunters, die Negroes 
agnculturists These nomad catde-keeping 
tribes were die ancestors of die Bantu-speaking 
peoples who are now die piedormnant people 
ov'er die gieatei pait of Black Africa 

The Bantu obviously' hav'e much Negro blood 
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fiom the north, aie the yellow broad-heads, 
famihai as the Mongolian t)'pe, ■\\atli yellow 
skin, stiaight, lank and coai-se black hair, 
daik eyes, broad cheek-bones and flat noses, 
and very scant faaal hair 

The influence of tliese broad-headed peoples 
of the Asiatic mountain belt on the lustor)^ of 
the Avoild has been profound As eaily as 



FO\ 


PAPUAN MOTHER 

The Papuans closely resemble the African Negro 
m general appeal ance, although then features differ 
in ceitain details 

tlie close of tlie Old Stone Age thev weie 
begmmng to appear sporadically in Em ope 
By tlie New Stone Age they had established 
themselves in the Gai-pathian and Alpine legions 
and had mtioduced agricultme and domesti- 
cated ammals into Em opean cultm e Repeated 
migiations continued to pom into Em ope 
fiom time to time, culimnatmg m tlie gieat 
Tartai invasions of the latei Ahddle Ases and 
the fall of Constantinople m a d 1453 before 
the assaults of the Tmks 

The part played by tlie eastern broad-heads 
of Asia is moie leachl) to be appieaated than 
that of the w'estem, because of tlie distinctive 


physical characters of the Mongoloid tNy)e 
The anaent peoples of Northern Asia i\erc 
much modified by tlieir admixtme These 
northern peoples i\eie the results of an early 
migration fiom the south-central area, possibly 
somewhere to the noith-ivest of India, and 
dating. It may' be, fi om the close of the middle 
and beginning of the late period of the Old 
Stone Age 

MONGOLIAN INFILTRATION 
There is e\adence that a people of this later 
period of the Old Stone Age penetrated to the 
Oidos Deseit in Central China and to the 
neighbomhood of Peking (Peiping) m North 
China It ^vas also a ’\\a\e of this people 
\\'’hich fii'st reached America, though perhaps 
not till the New Stone Age In the meantime 
a hlongohan mfiltiation had taken place, as 
IS shoi\n in the distinctly Mongolian cast in 
the features of those Amencan Indians i\ho 
aie thought to be the result of tlie latei i\aves 
of migration to tliat Continent Westisard, 
Alongohan influence can be discerned, more 
espeaalh in indniduals, so far as Lapland 
The Finns on the other hand, represent a 
distinct stream of Asiatic nugraPon ishich 
reached Finland from the soutli and of ivhich 
Paces can be seen m populations scattered 
along a line extending to the south so far as 
and including par t of the populaPon of Hungary 
In the soutli of Asia, Mongohan mfiltraPon 
has left Its Paces all along the northern borders 
of India, in Bmma and m farther India In 
South-Eastern Asia its influence is especiallv 
marked, and thence it spreads into the Pacific 
South of tlie great mountain bainer, the 
broad-lieaded race impinged on a populaPon 
■wluch i\as composed predominantly' of tlie 
Mediterranean brown race To account for 
the local laiiaPons of this race, and tlie form 
taken in its extension into the Pacific, tlie racial 
history of Southern Asia may be leconsPucted 
summarily and \eiy tentaPiely as follois's 

EARLIEST MIGRATIONS OF PEOPLES 
There is reason to tliink that tlie earliest 
migraPons of peoples — and tins apphes equally' 
to Africa and Em ope, as i\ell as to Asia — 
must haie set out fiom a cenPe someis'here to 
the nortli-west of -what is now India, possibly 
m the southern part of tlie Pamn region, oi 
just to tlie south of it 

If tins be so, altliough there must have been 
differences bePveen the peoples of each is'ave 
of migraPon ivhen tliey started, differences 
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which developed in the interval between each 
migration, the major variations in physical 
characters between the various primary races, 
or mam racial stocks as they exist today, must 
have developed after they had reached, or 
were well on their way to the continental areas 
they now occupy For example the dark 
skin, thick lips, woolly hair and broad nose 
of the Negro are adaptations to a tropical 
climate which could hardly have evolved in 
a mountainous region m Central Asia 
EASTERN NEGROES 

There is evidence in Asia, as m Africa, that 
a Pygmy population was an early, if not the 
earliest, wave of migration There may, m 
fact, once have been a continuous belt of 
Pygmy forms extending fiom West Africa nght 
across to New Guinea In Asia they survive 
at present only in the Andaman Islands, the 
Malay Peninsula, the Philippines and Sumatia 
A considerable remnant still survives m New 
Guinea 

There was also, again as in Africa, a wave 
of migration of a people, or peoples, who 
evolved into a Negro type These aie now to 
be seen in the dark-skinned fnzzy-haired 
inhabitants of New Guinea, the Papuans, and 
with some modifications, in the dark-skinned 
natives of the islands of Melanesia 

These peoples are sometimes called the 
Eastern Negroes, although in shape of nose 
and other characters they differ from the 
African Negroes This may be due to the in- 
fluence of a different environment, or to a racial 
admixture in the couise of their migrations 
JUNGLE TRIBES OF INDIA 

Although there is no direct evidence that 
this wave of migration passed through India, 
the dark skins, thick lips and fuzzy hair of 
individual natives of India suggest a trace of 
this blood It may, however, be due to the 
contacts with Africa of which there is evidence 
in later times 

Another wave of migration has certainly left 
Its traces m India and Ceylon This is a 
migration ivhich ivas responsible for what are 
now the jungle tribes of India, sometimes 
known as the aboriginal tnbes, and the very 
pnmitive cave-dwelling Veddahs of Ceylon 
This wave passed on, possibly by ivay of 
farther India, Siam, the Malay Pemnsula, and 
almost certainly through Java to reach 
Australia, an even more primitive form 
having already reached Tasmama 
11 * 


In date this wave probably coincides with 
the verj' beginning of the last phase of the 
Old Stone Age in Etuope, -when Neanderthal 
man was dying out and “ modern ’ man teas 
beginning to take his place This Mould be 
about the same time as the ivave of migration 
towards Noith-East Siberia and Ameiica M-^as 
setting out on its travels 



EVnNO OVLLOWAy S 1 


TRIBAL CHIEF 

The chief of the Nambi tube of head hiinteis in one 
of the islands of the New Hebtides This island 
gtotip ts in the Western Pacific and has a natne 
population of some 60 000 

As far as it is possible to draw any inferences 
from the lelat.ons of the physical charac- 
ters of the different laces of India one to 
another, that ivhich has been called heie the 
Mediterranean brown race, followed 

To this race belong the peoples of India 
knowm as the Diavidians, from the fact that 
they all speak languages ivhich belong to the 
Dravidian group oi family As compared 
with the Mcditeiranean peoples they aie by 
no means pure-blooded, their thicker features, 
darkei skins and broader noses suggest that 
they have inherited a considerable admixture 
of the blood of the aboriginal tnbes w'ho 
preceded them 

They iveie at one time the mam population 
of the Indian peninsula, and seem to have 
developed a high civilizatior, for to them are 
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attiibuted the ancient cities ^vath tlieir elaborate 
culture disco%eied a fe\\ 5 ears ago in the Indus 
\ alley This cnalization is closelv 1 elated to 
the earh cnalization of Mesopotamia as found 
in the cities exca^ ated b\ Su Leonard 'Woolley 
and othei archieologists 

It i\as tins lace, 01 a ^aiaant of it, ishicli 
m farther India, Emma and beiond, came mto 
contact i\atli tlie hlongoloid peoples, and 



MOSDULE 


INHABITANT OF PERU 
Wind-dued and sun-scorched, the Titicacan of todav 
lues ^el} much as Ins ancestois Ined 

according to the degree of admixture, pro- 
duced tlie \anous trpes noi\ found m South- 
Eastern Asia extending in i anang degi ees of 
puiaU dowai mto the islands of the Pacific 
The last of the more important racial 
mcui-sions mto India 'was that of the Ai van- 
speaking peoples These peoples, closeh akin 
to the Nordics of Europe, had already o\enun 
the countT}'’ -ulucli is noi\ Pei'sia and become 
Its ruling class Thev neie pastoial and war- 
like nomads After a stiusigle immoitahzed 
m then national epic poems, the\ oieicame 
the urbamzed Dia\adians and became the 
dominant people of India, w hose w amoi caste 
were tlie ancestor's of the luhng peoples of the 
natiie states of India todav Fmthei, accord- 
ing to one school of thought it ivas an offshoot 
fi'om this people i\luch migrated to tlie Pacific 
and provided the ruling caste of Pol)nesia 
"With tins i\aie of migration tlie peopling 
of India w as complete, foi although it suffered 
invasion on many occasions 111 later times, 
except foi a bioademtig of the head in certain 


areas the effect on the raaal characters of the 
people at large has been neghgible 

■Witli tlie mcui-sion of the nomad At) an mto 
India the mam lines of racial distnbuboiis m 
Asia i\ere complete, sa\e for tlie westward 
drne of the is amor h'longols, -ssfhich overran 
Central and 'Western Asia and on more than 
one occasion reached Eastern Europe, firom 
w Inch the) watlidress finalli as a pohtical pois er 
onl\ after the "Woild 'War, islnle descendants 
of Tartar tribes still h\ e m Russia 

COMPLEXm OF CLASSIFICATION 

From IS hat has been said, it wall be seen 
that the problem of the classification of the 
laiieties of mankind as “races is one of 
extreme complexiti At tlie same time it is 
possible to sav tliat on \er\" broad hnes the\ 
iall mto tliiee or foui mam groups wadi tsso 
secondaix', 01 sub-gioups arising out of admix- 
ture — a European or Caucasian group occups- 
ing (if we Ignore modern emigration) Em ope 
and extending into Noithein Afnca and 
\\estein and South Central Asia, a Negio 
group occup\ mg Africa isadi a cognate 
eastern negroid group m Papua and Melanesia, 
and a Mongolian group m Eastern Asia with 
secondan’- 01 sub-group, much rmxed offshoots, 
one in America and one in South-East Asia 
and die Pacific, while the Australian “race ’ 
mav be legaided as eithei a distinct and 
separate sunival fiom a pnrmtiie prehistonc 
foim, 01 as an eaily offshoot from die pnmitne 
Caucasian trpe 

^ARIETIES ONLY 

Finalh, letuimng to die pomt from -uluch 
we started, it cannot be emphasized too strongly 
that the races of man are \aiieties onlv 
Aldiough thev ha\e attained some degree of 
stabihtv, and although the\ differ i\idely 
among diemselves, they all belong to one 
species, Ho?no sapiens, “ modern man ’ Some 
of these \ arieties mav displai mliented charac- 
ters m which they resemble a pnmitne 
ancestral ti'pe more closelv diaii othei's, but 
biological science 111 classifrnng the races of 
man according to phvsical characters regards 
them all equalK as member's of one and the 
same great group 111 die world of h\ang dungs 
It affords no wan ant for affixing to one group 
rathei than another die stigma of raaal 
infei rents’^ The ‘ infer lontv’^ ” of backi\ard 
peoples IS neithei racial nor innate It is 
cultural and a remediable condition 




SIMILARITIES BETWEEN MAN AND THE ENGINE HE BUILDS 
Both man and machine will stop without a supply of oxygen, and each gn es off exhaust gases In the one 
case power is produced by the oxidation of food, and in the other by the oxidation of petiol 


THE HUMAN MACHINE AT WORK 


At a first glance man, with his trappings 
ZA of civilization, seems a being far removed 
A. from the animal world Yet in the 
development of his embryo no less than m the 
structure of his anatomy. Homo sapiens, as he is 
known to Science, closely resembles the higher 
mammals Particularly does he resemble the 
gorilla 

It IS believed that man, the gorilla and the 
gibbon have all come from a common stock 
The gibbon has kept the form of his ancestors, 
the gorilla has progressed a little from that 
form, while man has evolved to his present 
position If we closely examine the skeletons 
of the gorilla and man, it can be seen that 
every one of the two hundred and six bones are 
present in both, m exactly the same position 
m the body Each bone shows the same 
characteristics The differences relate to pro- 
portion, size and minor detail For instance, 
man’s bram-case is larger, his trunk smaller, 
his lower limbs longer, his upper lim bs shorter 
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The great anthropoids are susceptible to many 
infectious diseases fiom ivhich man suffers 
today 

Having accepted the fact that Homo sapiens 
IS an animal, built on the same plan as other 
mammals and subject to the same physiological 
laws, scientists by experimenting untiiingly 
on such mammals as rats, rabbits and apes have 
been able to deduce facts relating to the human 
body In consequence, medical science is 
capable of curing or preventing a thousand ills 
for which previously there ivere no remedies 

In order to understand the ivorkmg of the 
body. It must be remembered that within this 
complex machine are other and smaller 
machines ^vhlch, for the smooth running of the 
whole, must be kept m constant good repair 
These smaller machines are represented by the 
seven systems of the body — the osseous, the 
muscular, the respiratory and digestive (ivhich 
may be taken together), the circulatory, the 
excretory, the reproduetive and, last but 
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SIX KINDS OF CELL 
Countless millions of cells aie bound together in the 
human body to foini the tissues 


cei tainly not least, the nen'ous s\ stem "Within 
each system designed foi a special use are 
organs for special i\oik, these organs being 
composed of and kept together by tissue of 
vaiious kinds The smallest umts in the body 
aie the cells, countless milhons of tvhich are 
bound togethei to form the tissues 
The special tsoik for which tlie osseous oi 
bony system has been designed is to pro\ade a 
sti ong fi ametvork foi the body , to affoi d support 
and piotection to the softei stiuctuies and to 
gi\e attachment to the muscles ^Vhen foice is 
exerted bv tlie muscles, the bones act as level s 
The muscular system, then, pro\'ides the 
agents that bung about mo^ement in the 
body 

UPKEEP OF THE MACHINE 
The lespiiatoiy and digesti\e systems aie 
both concei ned w ith tlie upkeep of the machine 
The lespiiatoiv, oi biea tiling system, senses the 
double puipose of supphmg fuel in the foim of 
oxvgen necessaiy toi combustion and of ridding 
It of caibon dioxide, the isaste pioduct of that 
combustion Othei fuel is pro\ ided by the 
digestive system, i\hose ivoik is to collect and 
assimilate it that it may be sent into every^ part 
of the body This is^oik of distribution is done 
by the circulatory system, i\hich also conve^s 
the oxygen from the lungs, the Iieait acting as 
a central pump for the blood by which the 
oxygen is carried The exci etory system is the 
scavenger of the ^vaste products It takes 


aw'ay the poisons so that the machine is left 
free to ^\olk smoothly 

The leproductoiy system is concerned isath 
the transmission of the germ-plasm — that part 
of the li\mg substance of man -which is handed 
on fiom one generation to another, and by 
winch Homo sapiens propagates his species 
Lastly, the neiwous system, -wath the brain as 
tlie most impoitant control, directs and orders 
all other sy'stems, ensuimg co-ordmation The 
body'^ as such is therefoie a factory mth elaborate 
and speciahzed machinery'^ and a chemical 
w’orks 

THE HUMAN TAIL 

Noi\' as to the skeleton The vertebral 
column, i\hich man has m common wath &h, 
amphibia, reptiles and birds, is the central axis 
lound winch the body^ is built Of the thirty- 
three \eitebne of which tins column is made, 
twenty'-four are jointed, namely, the seven 
cer\acal which make the framework for the 
neck, the tiselve thoracic vertebrae ivhich are 
the ft amework for the chest and the five 
large \ ei tebne in tlie middle of the back knoira 
as the lumbai vertebiae The next five are 
jointed into one bone, the sacrum, wedged into 
the hip bones on eithei side The last four are 
also fused into one bone, known as the coccyx, 
which IS all tliat is nois’ left of the human 
tail 



TYPICAL CELL 

Showing wall enclosing nucleus and nucleolus sur- 
rounded bv protoplasm The nucleus is the ruling 
factor The chemistry of the granules tanes 




the human machine at work 
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THE HUMAN TAIL 

Human embtyo, showmg the coccyx, which is all that 
now lemains of the human tail 


At about the third week of the development 
of the human embryo the tail is cleaily visible 
on the surface of the body, into ivhich it later 
disappears When man assumed the upright 
position, he no longer needed the tail foi the 
work of balancing, although even noiv there are 
rare cases of children born i\ ith true tails 
The veitebras, placed one above the other 
ivith soft pads of caitilage or gristle between 
them to act as shock absorbers, give suppoit to 
the body, alloiving the iveight to be tiansferied 
fiom the head and tiunk to the hips and legs 
Further, the column has the advantage of 
being flexible until, with the coming of old age, 
the pads of cartilage tend to become hard 
Perhaps the most important function of the 
backbone is to protect the spinal coid, the 
connecting link between the body and the 
brain 

HOUSING THE SPINAL CORD 
Each single vertebra — except the tivo at the 
top of the column, the atlas and the axis as they 
are called — is made up of a bony ring, thickened 
m front Jutting out from the back of the ring 
IS a small spiky tip, and from the sides two other 
pointed processes project, the ivhole forming a 
kind of hook for the muscles of the back 

The bony rings of the vertebra are joined 
firmly together by tough fibrous bands called 
ligaments ivhich pass from the processes of one 
to the other, so that in the middle of the 
knobbly rings is a hollow tube called the spinal 


canal By this the spinal cord is housed and 
protected 

The first cervical vertebra, the atlas, consists 
of a ring thickened at the sides The two httle 
hollows on its upper surface are designed to 
take the two bony knobs of the occipital bone 
at the back of the head The second vertebra, 
the axis, has a kind of peg fitting into the atlas 
above When the head is turned from side to 
side, both the skull and the atlas move together 
lound this peg, but if the head is nodded, it is 
enabled to rock up and down because the bony 
knobs fit into the hollows mentioned above 

BONES OF THE FACE 

The skull is made up of the bram-box, or 
cranium, and the face \Vith the exception of 
the lowei jaw, the bones here are neatly fitted 
into each othei by their saw-like edges The 
chief of these bones are the frontal, the two 
parietal or side bones, the two temporal bones, 
and the occipital bone until its large perforation 
about one inch and a half across, through which 
the spinal cord enters the biain 

The face has fouiteen separate bones, the 



PROTECTOR OF THE SPINAL CORD 
The most impoitant function of the backbone is to 
piotect the spinal coid, the connecting link between 
body and biain 
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most important of which are the upper and 
lower jaw, the two malar bones for the cheeks, 
and the tw'o nasal bones The Io^ver jaw', in 
w'hich the lower teeth are fixed, is so jointed 
that It can w^ork up and down, fiom side to side, 
and forward and back, making it possible for 
man to grind up his food 

PROTECTING THE CHEST 
The protecting cage for the thorax, or chest, 
IS made up thus behind, of the twelve thoracic 
vertebree, in front, of the dagger-hke breast- 
bone, or sternum, and, at the sides, of the 
tw'elve pairs of curved ribs Each pair of ribs 
IS fixed to a vertebra behind and to the breast- 
bone in front, with the exception of the last 
tivo pairs These are shorter than the rest and 
are known as floating nbs, since they end in 
muscle and are not connected here to any bone 
The limbs may be thought of as being in three 
sections an upper part — the humerus m the 
arm, the femur m the leg, a middle part — the 
ulna and radius in the arm, the tibia and fibula 
m the leg, and a lower part — twenty-seven 
bones in the hand and twenty-six in the foot 
Both wrist and ankle are made up of small 
irregular bones In the WTist there are eight 
carpal bones arranged m tivo row's of four, the 
second row being joined to five delicate bones, 
the metacarpals, m the palm of the hand The 
metacarpals are jointed to the bones in the 
fingers — the phalanges, as they are called — of 
W'hich there are three in each finger and two 
in the thumb In the foot the tarsal, or ankle, 
bones are seven, which with the metatarsal 
bones together go to form the arch of man’s 
foot Man is the only mammal to have an 
arch to his foot 

CHEMISTRY OF BONE 

The arms and legs are connected to the trunk 
by the shoulder girdle and the pelvic girdle 
At the neck the collar-bones, or clavicles, can 
be felt as they pass outwards on either side from 
the breast-bone to meet the scapula— the flat 
triangular shouldei -blade, as it is generally 
known As is evident if the shoulders are 
shrugged, the scapula is a bone that moves 
very freely, being kept in place largely by the 
strong surrounding muscles The outer angle 
of the scapula is hollow'ed to take the rounded 
head of the humerus into its cup 
In precisely the same w’ay the femur fits into 
the hip-bone, which is part of the pelvic girdle 
This girdle, or bony basin, is made up of the 


sacrum and coccyx behind, jointed to the large 
hip-bones cumng and meeting in fiont In 
man the w'hole is so tilted that w’lth its attendant 
muscles it supports the intestines and the 
organs of reproduction 

Bone deiives its ngidity from the mineral 
salts, laigely calcium phosphate and calcium 
carbonate, -which go to make up about ti\o- 
thirds of it Flexibihty comes fiom the 



BONES OF THE HEAD 
Wit/i the exception of the lower jaw the bones ate 
neatly fitted into each othei by then saw-like edges 


gelatinous one-tlurd Most bones, w'hen just 
formed, consist of cartilage only This explain' 
w'hy so often a child, if it makes a bad fall, w ill 
merely have a bone bent It then sustains 
w'hat IS know'n as a " gieenstick ” fracture, 
whereas an adult’s moie brittle bone w'ould be 
truly fractured The humerus grows longer at 
the shoulder, the ladius and the ulna at the 
wrrist, and the femur at the knee 
Running doivn the middle of long bones such 
as the femur is the manow, made up of blood 
cells and fat Although bones are largely made 
up of mineral matter, yet living cells permeate 
every part of them, they have blood vessels to 
nourish them and nerve cells to stimulate them 
All bones are bound together by hgaments — 
strong, w'hite, fibrous bands ivhich, because ol 
their elasticity, permit of a certain amount of 
movement mthout dislocation taking place 
The union of tw o bones is called a joint 
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The ^volk of all joints, of ii^hich there are 
tivo hundred and thn ty in the body, is to allow 
of movement betiveen bones, and for this 
purpose they are admiiably constructed 
Accoidmg to the land of movement ivluch takes 
place at any particulai joint, it is knoism as a 
gliding, hinge, pivot oi ball-and-socket joint 
The ends of the bones, ivhich are lashed 
togethei by the ligaments, are pl0^^ded i\ath a 



Running down the middle of long bones such as the 
feniui IS the niaiiow, made up of blood cells and fat 
Living cells peimeate every part of them 


glossy coveimg of cartilage, enabling them to 
move smoothly against each othei In addi- 
tion, all round the joint there is a special 
ligament knoivn as the capsule, ivhich makes a 
kind of bag for it The bag itself is lined wath 
synovial membrane, a delicate tissue so named 
because of the lubricant it secietes, synovia 
This “joint oil” IS made fiom the dead 
bodies of the cartilage-buildmg cells at the end 
of the bones In people irho have iheumatism 
in the joints this self-lubricating device has 
ceased to function, for the cartilage lound the 
bones has become diy and possibly ivorn ai\ay, 
Avlule the joint itself cieaks and grates hke a 
piece of rusty macluneiy 

Gliding joints do not permit of very much 
moiement, they are found at the vaists and 
between the vertebrEe Hinge joints are formed 
by round ends of one bone fitting into hollows 
of the other By this arrangement a fonvaid 


and backivard movement m one plane takes 
place Such joints occur at the knee, and 
bet-ween the phalanges of tlie fingers and toes 

B4LL-AND-SOCKET JOINTS 

An example of a pivot joint which has 
aheady been mentioned is at the meeting of the 
axis and the atlas, alloi\nng the head to be 
tmned from side to side Ball-and-socket 
joints — ^both the hip and the shoulder joint 
come into this categorj^ — permit of the greatest 
movement of all Here the rounded end of the 
one bone fits into a cup, so that the movement 
may take place m several planes In the 
shouldei joint the head of the humerus fits into 
what IS knoi\m as the glenoid cavity of the 
scapula, the whole being enclosed m the loose 
bag of the capsular ligament The same kind 
of capsulai ligament surrounds the femur and 
the cup — the acetabulum — of the hip bone, at 
the hip joint In both the shoulder and the 
hip joints the bony cup is made still deeper by 
its iim of fibro-cai tilage 

E\eiywheie tlie bones of the skeleton are 
coveied by muscles, furmshed vath blood 
\essels and with neix^es Voluntary muscles, 
^\hlch aie those under the influence of the in’iII, 
ai e usually connected at one end by a tendon — 
a stiong fibrous cord much hke a hgament 
except that it has no elasticity — to a fixed bone, 
and at the othei end by a tendon to the bone 
to be moved 

frt; hundred muscles 

'When the striped tissue of a voluntary muscle 
contracts, as ivhen the biceps muscle contracts 
to bend the arm, it shortens and thickens, pulls 
on the tendons, and the bone is put m motion 
A sinsfle contraction takes about one-tenth of a 

O 

second Tendons themselves aie often pro- 
tected by a synovia-hned sheath, so that they 
aie able to glide smoothly -when the muscle 
Moiks 

One muscle never ■works alone, because after 
a bone has been moved it is brought back to 
Its oiigmal position bv a second muscle, 
antagonistic m its action Man’s posture is 
maintained bj a laige number of muscles acting 
at the same time For instance, the contraction 
of muscles at tlie back of the neck -would pull 
the head backi\aids but for the ivoik of those 
connecting the face i\ath the claincle and the 
sternum, similarly, muscles at the back of the 
legs ivould pull tlie body backivards but for 
the opposing muscles m fiont of the thigh. 



THE HUMAN MACHINE AT WORK 


337 




FURTHER SIMILARITIES BETWEEN MAN AND MACHINE 

f/eivcej a/e ;;er/orw///|' the functions of the vouom Imng organs shown m 
' 6|oh Theie me two hundied and tin, ty joints and about five hundied sepaiate muscles 

in Vie human body The latter make up about three-sevenths of a man's total eight 
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connecting the hip bone with bones of the leg 

Whether seated or standing, man uses all the 
muscles of the spine, and it is fatiguing to him 
to keep eithei of these positions lor very long 
■without changing Muscles used to bend the 
limbs aie called flexors, and those to stietch 
the limbs again ai e knowm as extensors In all 
there aie about five hundred separate muscles 
m the body Differing greatly m size and 
shape, they make up about three-sevenths of a 
man’s total is^eight 

In ^valkmg, the body’s -weight is transferred 
alternately fiom one leg to another When 
the foot in front touches the ground, the calf 
muscles of the other leg contract The body 
rises on the toes m order to be pushed on The 
back leg s^\nngs fonvard, the other foot then 

7 r 



MUSCLES OF THE SHOULDERS 

The uppbng siiiface of the shoiildeis and the com- 
plicated masses of muscle immediately beneath the 
skin One muscle nevei woiks alone 

being raised on the toes to carry on the alternat- 
ing movement It has been calculated that m 
taking only one step forwaid a man uses one 
hundred and eight muscles 
Were it not for the muscles, the face would be 
no better than a mask For example, the 
contraction of one of the chief muscles of the 
nose — pyiamidahs — dra\TO the skin down 
between the bro-ws, at the same time making a 
groove acioss the nose This gives a man a 
stern or even fierce expression A dimple is 


formed by the contraction of another muscle 
of the face, the zygomaticus major 

Two muscles help man to che^v his food 
they are the masseter and the pterygoid, both 
passing from the cheek to the lo-wer Ja^\ 
Being fixed above, they pull up the lover jaw 
when they contract Their opponents pull 
down the loiver jaw and open the mouth 

THE TAILOR MUSCLE 

The broadest of the back muscles — the 
latissimus dorsi — ^forms a fan-shaped sheet ol 
muscle spieading up^vards and outwards from 
the hip bone and the spines of the lo%\er part 
of the \ertebral column to the head of the 
humerus It helps to dra\v the arm down- 
wards, backwards and imvards 

The s-wimmer’s crawl stroke illustrates the 
w'ork of this muscle The long thin muscle 
coming fiom the fiont of the uppei part of the 
hip bone and ciossing over the thigh to be 
inserted just below' the knee joint is the sartorius 
Its woik IS to flex the thigh, at the same time 
1 otating it outwai ds \Vhen the tailor takes up 
his characteristic position, it is called into play 
— a fact \\’hich gives it its name, sartor being the 
Latin ^\ Ol d for tailor 

All these are separate muscles, but m some 
parts of the body there are others made up of 
thin sheets of musculai tissue These are 
found in the front w’all of the abdomen and in 
the diaphiagm, that fleshy partition w'hich 
separates the abdomen from the thorax 
NOT INFLUENCED BY THE tATLL 
Those muscles not under the influence of the 
wall — the smooth and unstriped involuntary 
muscles — ai e found in the -w alls of the alimen- 
tary canal, and lound the is'alls of blood \essels 
The heai t itself is a muscular organ, the tissue 
here being faintly striped although the muscles 
are involuntar)' 

Here it may be of interest to note that no 
definite system of naming the muscles has 
been adopted To quote the ^vords of Professor 
Frederick Gymei Parsons, “ The names of the 
muscles have giadually glo^vn up, and no 
settled plan has been used m giving them ” 
The poA\er used bv the muscles is obtained 
from the nourishment and from the oxygen 
brought to them by the blood, m the same way 
that the steam engine gets its power by adequate 
stoking up and by the presence of flesh air in 
the furnace How the human machine is 
stoked and oxygenated for its -work is told in 
another chapter 
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DIGESTION AND EXCRETION 


I N its use of the food 
supphe^ to it the 
body IS a far more 
wonderful machine 
than any made by man 
For not only does the 
food serve as fuel, -which 
by Its combustion gives 
the body the heat neces- 
sary to keep It working, 
but it IS also made to 
repair the wear and tear 
inevitable m Its r unmng 
In other words, food 
rebuilds the cells and 
tissues which are con- 
stantly being destroyed, 
m addition to making it 
possible for the tissues 
and organs to do their 
work 

The first stage of digestion is the grinding-up 
of the food by the teeth, -which in an adult 
should number thirty-Uvo — sixteen m the upper 
and sixteen m the lower jaiv — ^ivhen the saliva 
moistens and lubiicates it so that it becomes 
a kind of paste that can readily be sivallowed 
The saliva, -ivatery m appearance and some- 
what alkaline, is brought to the mouth by three 
pairs of glands, the parotid, the submaxillary 
and the sublingual These are found respec- 
tively beloiv the ear, under the back part of 
the lower jaiv and under its front portion, 
beneath the tongue 

From one to t%vo pounds of saliva is secreted 
daily The active pnnciple is a valuable 
digestive jmce called ptyalm which tiuns the 
insoluble starch of many foodstuffs into a 
soluble kind of sugar known as grape sugar 
The sight, smell or even thought of appetizing 
food IS enough to “ make the mouth -water,” 
that IS, to stimulate the salivary glands into 
action 

Masticated and imxed with sahva, the food 
begins Its passage doivn the ahmentary canal, 
ivhich m an adult is about thirty feet long 
On Its first stage into the throat or pharynx 
It IS pushed backivards by contractions of 
muscles in the cheek and tongue Unless by 
an accident the food goes “ doivn the WTong 
way,” causing us momentaiily to choke, the 
tvmdpipe or trachea is skdfiiUy avoided by 


the shutting down, 
precisely like the hd of 
a box, of its hd of 
cai tilage when it 
recei\ es the message 
that food or drink is 
on Its way to the 
oesophagus, or gullet as 
it IS more usually called 
No sooner has the 
food enteied the funnel- 
hke pharynx oi throat 
than It IS seized upon 
by muscles there and 
forced on into the 
oesophagus This soft 
tube with its elastic 
^valls IS about ten inches 
long and runs do-wn 
between the lungs 
through the diaphragm 
and on into the stomach As the food i caches 
the oesophagus the muscles all along its length 
contract one after another m a wave This 
explains how it is that jugglers and snake 
charmers are able to balance on their heads 
and yet drink large draughts of water or even 
eat a meal, a sight common enough an-ywhere 
in the East 

The stomach is an enlargement of the 
alimentary canal and resembles a pear- 
shaped pouch about ten inches across, wnth its 
broad end upivard and pointing to the left 
This muscular pouch is anchored to the 
abdomen by membranes knoivn as mesenteries 
The innermost of the four coats of the stomach 
IS a mucous hmng, covered iwth innumerable 
small glands secreting both mucus to moisten 
the surface, and dunng the Avork of digestion 
a juice kno^vn as the gastnc fluid 
This fluid IS made up of pepsin, rermm and a 
little hydrochloric acid Secretion of the 
gastnc juice begins only when food is sent into 
the stomach, and it has been calculated that m 
a healthy adult about tivo gallons are secreted 
each day Most of this is reabsorbed into the 
blood later, in the small intestine 

Renmn is a ferment that coagulates milk, 
making a curd, casein, mixed ivith fat The 
curd is afterwards acted on by the pepsin 
This nitrogenous substance, with the help of 
the hydrochlonc acid, is able to melt doivn 



TWO SETS OF TEETH 
Skull of a child showing the second set of teeth 
aheady forming beneath the fiist set 
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pieces of meat, fish oi hite of e^ and dissoh e 
them into a jelly-hke flmd ^Vhen the stomach 
IS deficient m Indioclilonc acid tlie meltmsc 
process does not take place fast enough This 
results m tlie pain and discomfort knoim as 
gastritis After tlie insoluble compounds called 
piotems have been acted on by the gastiic 
jmce they are said to be peptones 

If ve i\eie to exaimne tlie contents of tlie 



WHY WE DO NOT CHOKE 
The epiglottis closed for swallowing food and (inset) 
open for breathing 


stomach some two horn's aftei a mixed meal 
had reached it, ive should find sometlimg like 
the foUoi\'mg some staich) foods already 
changed into sugai, some not yet changed, 
peptones fiom tlie meat, fish oi eggs fats tliat 
had melted but othen\ase i\eie unchanared, 
some foods still undigested, among these being 
hard oi cellulose coverings irluch act as 
loughage, and, mixing luth the ivhole, gastiic 
jmce The half-digested foods i\ould now be 
m the foim of a thick gi e^'ish-'VN lute flmd called 
ch)-me The a\eiage time taken to change 
food into ch'^Tue is about three horn's boded 
tiipe, for instance, takes as htde as one hour, 
ishile roast clucken takes foui horn's 

Dm mg chymification the muscular ^valls of 
the stomacli keep the contents continually 
churmng m a circular motion The^ aie 
alivap m contact isath tlie food tiiat the gastiic 
jmce may do its oik The stomach constantly 
changes its size Wien empty it contiacts till 
it uoll hold no moie tlian a quart, but if \ery 


much distended it wdl hold as much as a gallon 
At tlie lower iight-hand side of tlie stomach 
IS an opening to the small mtestme called the 
pylorus It IS controlled bj a circular muscle, 
a sphincter, wluch at tins point acts as a sentr)’- 
As the ivork of digestion proceeds it gradually 
relaxes, until finally the contents of the stomach 
are allowed to pass on through the opemng 
The peptones do not pass on but are at this 
stage absorbed through tlie capiUanes into the 
blood stieam 

CHYME BECOMES CHYLE 
The duodenum, -wluch makes up, m the 
form of a “ G ” bend, the first foot of the 
twenty-three feet of the coded small mtestme, 
IS a very important oigan For m it, b) the 
aid of two jmces — tlie bde bi ought fiom the 
liver by the bde duct and tlie pancreatic 
jmce, manufactured bv the pancreas or 
“ sweetbread,” and taken along bv tlie 
pancreatic duct — the rest of the food is digested 
Bde, which m a normal person is secreted 
at the rate of about two and a half pounds 
dady, helps tlie pancieatic jmce to emidsdj’^ or 
make hqmd the fats in the food It also 
assists the muscles of die intestine by acting as 
a natural purge The pancieatic jmce, of 
w hicli about three-quarters of a pmt is secreted 
dadv, has die thieefold function of emulsif^'mg 
fats, changing protein into peptones and starch 
into grape sugar In tlus latter stage of 
digestion the ch\'me which came into the 
duodenum fi'om die stomach becomes i er\ 
much moie rmlkv m appearance, largely due 
to the furdiei melting of the fats, and is noi\’ 
called chvle 

DISTRIBUTING THE FATS 
The inner suiface of die small mtestme is 
coieied wadi minute piocesses known as the 
\'ilh, ever)"- one of -which contains a veil small 
blood vessel or capiUar\% and also another 
\essel, a lacteal B\ the time the chile has 
gone a diiid of the iray dowm die small 
intestine most of die sugai has been absorbed 
by die blood i essels and most of the peptones 
The fats liaie still to be disti-ibuted These 
do not go diieedy into die blood \ essels, but 
aie fii-st passed diiough die Ij-mphatics Bv 
these diej aie carried duough die honph 
glands of die abdomen into die gieat Ijanpli 
duct, die thoraac duct The) are finally sent 
into one of die gieat \eins, die supenoi vena 
cara, not far from the heart 
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DIGESTIVE TRACT 

The stomach is a musculai peat -shaped pouch about 
ten inches aci OSS 


Fiom the small intestine ^^hat lemains of 
the chyle is passed on through a valve, the 
iho-csecal, which i\ill not allow it to letuin, 
into the large intestine The fiist pouched pait 
of this IS the caecum At its closed and lower 
end a nanoiv tube is attached, the vermiform 
appendix ^Voim-hke, as its name suggests, 
it ti\nsts and tmns during digestion While 
in the earhei stage of man s development it 
may have been used as a kind of second stomach 
for digesting the lemains of food, it has no 
Lnoira use today, and in many people has 


to be removed by an operation for appendicitis 
From the caecum omvards the large intestine 
IS called the colon This goes first upivard on 
the right of the abdomen as the ascending 
colon, then crosses below the stomach and 
liver as the transveise colon, and finally drops 
down on the left side as the descending colon 
The intestine, contmmng behind the pelvic 
ca\nt), becomes the lectum The chief function 
of the large intestine is to absorb the remaimng 
traces of nutriment and the ivater m ivhich 
it IS dissolved The body engine burns up 
about mnety-five per cent of its fuel The 
diied-up is'aste or faeces contains bacteria of 
one kind and anothei and indigestible frag- 
ments of food such as hard vegetable fibres, 
fimt skins, pips and seeds, etc 

ACCUMULATED POISONS 
The feces, then, should be removed from 
the body as promptly as possible This is 
done by contractions, knoi\ n as peristalsis, 
or the peristaltic wave, that constantly pass 
along the smooth muscles of the colon, ivlnch 
expel the waste through the discharge pipe, 
the lectum 

To be healthy tlie body must constantly nd 
itself of accumulated poisons — carbon dioxide, 
uiea and ceitain salts The chief agents of 
excietion are the lungs, the skin, the kidneys 
and to some extent the liver The blood acts 
as a middleman in each case The work of 
the lungs is explained m the chapter on 
Respii ation 

■nVO LAYERS OF SKIN 
The skin is one of the most important 
stiuctuies of the human machine Made up 
of two layers, it has a deep sheet of fibrous 
stiands and a smface sheet of cells l^ung side 
by side like the tiles of a flooi The dr)" scale- 
hke cells at tlie surface are constantlv being 
rubbed off and aie replaced by cells from 
belo^v The skin is co\ered with innumerable 
small opemngs, the pores Each pore leads to 
a spiral tube about one quarter of an inch long 
called the sweat gland, w"hich tinsts dowm 
thiough the pavement-hke cells and through 
the bottom layer until it reaches the coat of fat 
immediately beneatli Heie the tube of the 
siveat gland seeps up ivater and urea from the 
blood and pours them out on the surface of 
the skin as perspii ation or sweat 

Dunng hot iveather W"e sw^eat profusely on 
the palms of the hands In this region there 
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are about three thousand glands to every 
square inch, though on some parts of the body 
there are as few as four hundred When the 
temperature of the body rises, as for instance 
during vigorous exercise, the heart sends an 
increase of blood into the skin The sweat 
glands then increase their activity to purify 
this extra blood, and moisture is collected in 
droplets on the surface of the skin This is 
evaporated, which cools the body in addition 
to carrying away some of the waste m the form 
of gas 

WASTE FROM THE BODY 

In the course of a day about tiventy ounces 
of water (about a pint), one ounce of carbon 
dioxide and about an ounce of other waste 
matters are given off from the body by way of 
the skin “ Cold sweat,” induced by fear or 
other emotion, is brought about by an excessive 
secretion of the sweat glands, though m this 
case there has been no increase of blood to 
the part 

The kidneys are to be found one on eithei 
side of the upper lumbar vertebra, at the back 
of the abdomen, each rather like a large bean 
and weighing about a quartei of a pound 
Their special work is to act as a filter which 
deals chiefly with the waste products left in the 
blood fiom the combustion of the protein 
foodstuffs The noimal amount of water 
collected during the day is about two and a 
half pints, in which there is about one ounce 
of urea and a little uric acid 

In order that the kidneys may carry out 
their woik pioperly the cells are arranged m a 
special way, some of them being built up into 
sacs or capsules, each embiacing a tuft of 
blood vessels The waste matter is drawn 
through into the capsules Othei cells in the 



FILTER OF WASTE PRODUCTS 
The kidneys deal chieflv with the waste pioducts left 
m the blood ft om the combustion oj piotein foodstuffs 



STRUCTURE OF THE SKIN 
Each poie leads to a spiial tube about one quaitei 
of an inch long called the sneat gland 


kidney are an anged with one opening into the 
capsules and the other into laigei ducts 
By these ducts the mine is collected and then 
sent into the ureter, a nariovs^ tube about 
fifteen inches long which leads into the oval 
bag of the bladder Fiom the bladder, vs'hich 
like the pyloius, has a sphmctei muscle to act 
as a sentry, the contents aie sent out at legulai 
intervals, the sphmctei relaxing for this purpose 
and the bladder muscles contracting 

WORK OF THE LIVER 

The liver, whose chief functions are to 
collect bile and to store glycogen fiom which a 
soluble sugar can be given to the blood, as 
for instance when it takes a supply to working 
muscles, also serves to collect uiea It is ui 
this oigan that the final breaking up of uiea 
takes place Nitiogenous uaste is constantly 
produced m eveiy tissue, but it is fiom the 
liver that this waste is passed into the blood 
stream, later to be removed by the kidney 
filteis 

The liver, which may be regaided as a kind 
of clearing-house and has been leferred to as 
the Ellis Island of the body, is the largest 
gland It usually v\eighs about thiee pounds 
in an adult In other vvoids, about one- 
fortieth of the body weight, whereas in a new ly 
born child it weighs about one-eighteenth of 
the total Blood is brought to keep it in 
opeiation diiectly from the heart by the small 
hepatic aitery, ivhile the venous blood firom 
the stomach and intestines is conveyed to it 
by the large portal vein and undergoes con- 
sideiable changes m the gland before it passes 
into general circulation 
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CORPUSCLES AT WORK 

How the blood stieam fioin the heait cleanses and nouiishes the tissue cells When fully lelaxed the heait, 
which IS itself extensively supplied with blood vessels, can hold about one hundied and foity cubic centiineties 
of blood Through the blood vessels the heat t is continuously pumping about ten pints of blood The mam 

delneiy pipe for puiified blood is called the aorta 
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HOW THE LUNGS WORK 

Once in eveiyfow seconds in nomial bieathing the lungs aie made to expand by the diaphiagm and the chest 
muscles when an i ashes into them fiom the uppet an passages 


CIRCULATION AND RESPIRATION 


I N order that adequate nutriment may be 
taken to the various organs of the body, 
and that later these organs may be able to 
rid themselves of ivaste products, the blood 
must be constantly renewed For the blood is 
the medium by which these tasks are perfoimed 
Every part of the body is connected with 
blood vessels, which are tubes of various sizes 
and structure, and through these tubes the 
heart is continuously pumping about ten pints 
of blood 

The heart itself, found in the thorax betiveen 
the lobes of the lungs, is a muscle of a peculiar 
structure Its fibres are unlike both the striped 
voluntary muscle of the limbs and the smooth 
involuntary muscle found in the intestine 
While tne voluntary muscle is capable of sudden 
contraction it is easily fatigued, and the 
involuntary muscle contracts slowdy and con- 
tinuously In the heart the fibres contiact 
and relax quickly but they never tire w'hen 
working normally, w’hich m the adult is at the 
late of about seventy contractions a minute 
About the size of a man’s fist, this peculiai 
muscle of the heart is protected and enclosed 
in a kind of double bag, the pericardium, ivhich 
IS connected i\ath the neck above and the 
diaphragm below When fully relaxed the 
heart, w^hich is itself extensively supplied with 
blood vessels, can hold about one hundred and 
forty cubic centimetres of blood 

The central pump w'hich keeps the blood 


continually on the move is built in two halves, 
a right and a left, completely separated from 
each other Each half consists of a thm-ivalled 
antechamber, the auncle, which communicates 
wnth a thick-ivalled chamber, the ventiicle, on 
the same side by means of a valve This valve 
IS so constiucted that it ivill open only in one 
w'ay, thus making certain the blood will travel 
m the one direction 

The action of the heart is marked by an 
alternate contraction and relaxation of its 
muscular walls, the ivhole piocess being teimed 
a cardiac revolution Fust there is a short 
contraction of the auricles, then a longer 
contraction of the ventricles and then a pause 
almost as long as the time taken by the two 
conti actions 

Both auricles contract together and both 
ventricles At each contraction of the ventricles 
a fresh supply of blood is forced into the great 
mam delivery pipe for purified blood called 
the aorta, which i\ithm a feiv inches of where 
It leaves the heait begins to give off branches 
to the different parts of the body 

The aorta is the biggest artery in the body 
Smaller arteries lead into every part of the 
human machine, acting as pipe lines to carry 
the blood They are so constructed that they 
can withstand a great deal of pressure, for into 
their ■walls elastic-hke tissue is mtenvoven 
They may suddenly be called upon to take a 
large amount of blood and, after the pressure 
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ONE-WAY TRAFFIC FOR BLOOD 
The auricle communicates with the \entncleby means 
of a valve which opens only one way 


IS diminished, to accommodate themselves to a 
much smaller amount In older people, 
especially in older men, the elasticity of the 
aiteries suffers and they aie apt to be injured 
by too gi eat a pressure, this gi\ang i ise to such 
diseases as arteno-sclerosis In the limbs, and 
indeed ovei the whole suiface of the body, the 
artenes are deeply placed This sen es to 
protect them from injury — an impoi tant matter, 
as if they are cut the blood spurts out wth 
dangerous rapidity, sometimes resulting in 
death 

WORK OF THE VEINS 

The pipe lines of the artenes are eventually 
narroived doira to form the tiniest and thinnest 
pipes imaginable, the capillaries Densest and 
most numerous on the inner and outer surfaces 
of the body, they lead into every part of its 
substance in a fine meshwork It is through 
them that the real exchange of gases and 
foodstuffs takes place 

After It has been taken to the vanous organs 
of the body the blood is collected into othei 
pipe hnes to take it back to the heart These 
pipes are the veins, which usually run parallel 
mth the ai teries, though they are not so deeply 
placed These thin-\\ ailed pipes are provided 
rvith valves to pi event any back-floiv It is 
when these valves lose their pmver of closing 
properly that vanous \ein troubles anse 

The chief veins are the superior vena cava 
which brings blood from the upper limbs and 
the head, and the inferior vena cava, bnnging 
blood from the lower limbs and the trunk 
The veins empty themselves into the right 


auncle of the heart From here it is pumped 
into the nght ventncle and travels along a 
large blood vessel, the pulmonary artety, 
toivards the lungs 

The pulmonary artery soon divides into ti\o 
blanches, one going to each lung In the lungs 
each branch dmdes again and again into 
smaller blanches ivhich eventually become 
capiUanes From this pomt the blood is 
collected together again in small veins, ivhich 
umte to form bigger ones till they all ccme 
together in the four large pulmonary veins 
which take the noiv oxygenated blood back to 
the left auricle of the heart, thus completmg 
the pulmonaity or lung circulation 

MILLIONS OF CORPUSCLES 

In the systemic or general circulation the 
blood that has passed fiom the left auricle into 
the left ventncle is pumped into the aoita, and 
from there is sent on into eveiy part of the 
bod^ At each contraction of the ventncles a 
flesh supply' of blood is forced into the aorta 
This makes it expand, the expansion passing 
quickly along e\er\' arteiy with each fresh 
heart-beat This wa\e of expansion is knoun 
as the pulse It does not mark the actual 
flowing of the blood The actual flow is a 
much slower piocess There is no i\ave of 
expansion m either the veins oi the capillaries, 
the blood being sent on in these vessels in a 
sIoi\ -moving steady stream 

So much for the road on -which the blood 
traiels Nois' foi the blood itself Largely 
ivater (about eighty pei cent ), it is not, 
how e\ ei , just a salt solution wath various gases 
in It It also contains solid bodies, called the 



THE CENTRAL PUMP 
The heart is built in U\o hahes, a light and a left, 
completely sepaiated fioni eadi other 
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blood corpuscles, which float in a colourless 
liquid, the blood plasma 
The corpuscles are of two kinds, the white 
and the red In one cubic centimetre of 
blood (about fifteen drops) there are something 
like filty million red cells and about one 
hundred thousand white cells The red 
corpuscles are very soft and elastic and can pass 
through the narrowest capillary, at the same 
time being able to glide over each other They 
ongmate from the red marrow found in long 
bones, mentioned in the chapter on the 
Skeleton 

HOW CUTS ARE HEALED 
The blood plasma is a complicated salt 
solution which is not readily altered by external 
agents For instance, if a lot of salt is taken m 
the food it does not follow that the blood is 
upset But if the body loses a great deal of 
salt by sweating the loss must be made good 
For this reason miners in hot countries eat a 
great deal of salted food to correct a certain 
cramp which is liable to attack them if they 
lose too much salt from the blood 
When a blood vessel is injured and the blood 
flows, the normal process is for it to clot in a 
short time This clotting is due to the fibiinogen 
m the blood plasma Htemophiha, “ bleeders’ 
disease ” as it is popularly knmvn, is due to the 
fact that in some unfortunate people the blood 
IS unable to clot, with the result that excessive 
bleeding, which may end in death, takes place 
when even so small an operation as having a 
tooth extracted is performed 

POLICE FORCE OF THE BLOOD 
The white corpuscles, spoken of as leucocytes, 
are capable of changing their shape and are 
able to divide like the amcebas Their chief 
chaiacteiistic is that they are able to devour 
bactena and foreign bodies When disease 
germs get into the blood this “ police force ” 
makes its way in great numbers through the 
thin walls of the blood vessels to the scene of 
action and makes a mass attack on the intruder 
Dead and used cells are devoured in the same 
way 

The colour of the blood comes fiom 
haimoglobin, a protein compound containing 
iron This iron is able to combine with 
oxygen, and for this reason hemoglobin is 
knmvn as the oxygen earner of the blood 
How It is supplied with this oxygen will be 
seen in the next section 



BLOOD RETURNING TO THE HEART 
Afta It has been taken to the vaiioi/s oigans of the 
body the blood is collected into othei pipe lines to 
take it back to the heait These pipes ate the \eiiis, 
which usually tun patallel with the aiteiies 




348 


THE HUMAN MACHINE AT \VORK 



WONDERS OF THE BLOOD 
Top Stiiictiiie of vein and aiteiy Centie When 
a blood vessel is injiiied and the blood floivs the 
noimaJ ptocess is foi it to clot in a shoit tune 
This clotting is due to the fibrinogen in the blood 
plasma Bottom Red and white corpuscles The 
lattet aie able ip deiour bactena and foreign 
bodies 


If it were deprived of oxygen for more than 
a feisf minutes the human machine -svould stop 
orking, for it is only m the presence of ox}'gen 
tliat the cells can obtain the necessar}'^ energy 
fiom the foodstuffs supphed to them The 
oxygen brought b) tlie red coi-puscles of the 
blood is taken up in all parts of the body and 
the waste pioduct, caibon dioxide, is given off 
The piocess i\hich bnngs the oxy'gen and ishich 
also iemo\es the caibon dioxide is termed 
lespiiation oi, moie simply, bieatlimg The 
special organs for this ivoik are the lungs, and 
It is in the capdlaries of the lungs that the 
change fiom venous to blight scarlet artenal 
blood takes place 

CONICAL AIR-SACS 

The lungs are simply comcal air-sacs mth as 
large a suiface as possible concentiated into a 
small space These spongy elastic organs fill 
most of the space left on either side of the heart 
inth its gieat blood \essels Each limg is 
enclosed in a double bag of membrane called 
the pleura, one layer of which lines the caxaty 
of tlie tlioiax, ^vlule the other is bound to the 
outer suiface of the lungs There is a ivatery 
flmd beti\een the tivo layers of the pleura 
ivhich peimits of a gliding movement up and 
dowm dm mg lespiration 
The air passages leading to tlie lungs are the 
trachea or %\indpipe, behind Avhicli is the 
oesophagus, and the bionchi oi branches of 
the trachea leading to the lungs The trachea 
is made up of a numbei of hoops of cai tilage 
wluch, ^\^th tlie exception of the second, tlie 
cncoid cai'tilage, do not meet belund The 
most prominent of these nngs is the “ Adam’s 
apple ” or tlie tli'^TOid cai tilage at the top 

WARMED BY THE NOSE 
During respiration the opemng to the larjmx 
called the epiglottis, which shuts its trap-door 
when food is sent into the oesophagus, is inde 
open to allow die an, ivliich has been ivarmed 
as it came thiough the nose, to pass on doira 
the tiachea into the light and left bronchi 
Each bionchus enters a lung and tliere dmdes 
and sub-dindes again and again to end m 
hollow air cells called aheoh The trachea 
and the bronclu are lined wath mucous mem- 
brane, the innei surface of which is covered 
■\\ath small hail's These by their ivavmg or 
laslung movement remove dust or foreign 
matter brought in with the air 

Once m every four seconds in normal 
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PURIFYING BLOOD IN THE LUNGS 

Left Ext! erne ends of the bioncliioles in the lungs They ate blanches of the bionchi which lead to those 
organs Right Blood going thiough the h'lgs and picking up oxygen 


breathing the lungs are made to expand by the greatei use of the diaphragm If women’s 

diaphragm and the chest muscles ivhen air breathing weie abdominal the diaphragm 

rushes into them from the upper air passages would pjcss too heavily on the foetus during 

During exercise, owing to the bigger supply pregnancy 

of oxygen which is needed, respiration takes In mspi,ation or breathing-m the thorax is 
place at a faster rate It is a common observa- enlarged by means of the diaphragm, tvhich 

tion that women use their thorax muscles far moves down, and by the muscles betiveen the 

more than men, ivho compensate with the ribs — the intercostals — winch raise them This 



CORPUSCLES TO THE RESCUE 

Left Fluid fibiinogen in the blood changing to a solid netwoik of fibrin and imprisoning coipiiscles, thus 
making a blood clot Right White corpuscles in the blood stieam absorbing and destroying germs 
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EXPLAINING A CAPILLARY 
Capil!a)ies aie veiy small blood vessels They ate 
about one tliiee-tliousandth of an inch in dianietei 


movement can be -watched \vhen a deep breath 
IS taken, for the diaphragm presses on the 
organs in the abdomen, ^vhlch is made to move 
outwards When artificial respiration becomes 
necessary, as for instance \vhen a person is 
lescued fiom droivning, the arms are moved 
up and doivn to bung about the necessary 
enlargement of the thoia.\ 

COUGHING AND SNEEZING 
The thorax being thus enlarged, the lungs 
become inflated This causes a recoil as soon 
as the muscles have finished their ivork for 
inspiiation Ordinary quiet breathing-out, 
or expiration, needs no muscle -work, for there 
IS also an elastic lecoil of the stretched %vall of 
the abdomen ^vhlch sends the diaphragm up 
again into its arched position The ribs and 
sternum also fall back again into their original 
positions The cavity of the thorax is thus 
diminished in volume and an is foiced out 
Coughing is a particular kind of breathing- 
out After a deep inspiration there is a sudden 
expiration brought about by an irntation of the 
mucous membiane which forces up the glottis, 
sending a strong current of air through the 
mouth Sneezing is much the same kind of 
movement except that the air is forced do-wn 
the nose Laughmg is brought about by short 
and qmck expirations 


Since the air in the lungs is constantly being 
renewed by inspiration, the blood, coming 
from the right side of the heart, is enabled to 
get a constant ne^v supply of oxygen, for gases 
are able to pass through the thin membranes 
separating the air from the blood in the lung 
capillaries In the same way carbon dioxide 
is given back, freeing the blood of this poison 
Thus the supply of oxygen and the removal of 
carbon dioxide goes on continuously during 
the process of respiration Oxidization goes on 
in the tissues of all parts to -which the blood is 
taken, especially is this tiue of muscle tissue 
The exchange of gases between the blood and 
the tissues is knoivn as tissue-respiration 

HAR^T;Y’S GREAT DISCO^'ERY 
Harvey’s discoveiy of the circulation of the 
blood maiked a new era in medicine Pre- 
viously It was believed, not unnaturally, that 
the arteries contained air, since on examination 
aftei death they weie found to be empty It 
was then believed that the blood moved back- 
%vaids and forwards in the veins Harvey 
proved that the same blood nas used again 
and again, and that it passed through the 
lungs, -which contained an As he did not 
use a micioscope, he tvas not able to see the 
capillaries, and theiefore could only guess how 
the blood got fiom the artenes into the veins 



HARVEY OF CIRCULATION FAME 
Th oiigh long and patient obsei vation William Hai vey 
(1578-1657) demonstiated the cnciilation of the blood 
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LOWER ANIMALS IN THE MAKING 

So closely do the embryos of diffeient animals lesemble each othei at a ceitam stage of development that 
e\en expenenced embryologists sometimes find it difficult to identijy them 


REPRODUCTION 


Although there are m fact very many 
/^differences between the male and female 
body, the essential difference betiveen the sexes 
IS in the reproductive organs 

The male germ cell is known as the 
spermatozoon and the female cell as the ovum 
The umon of the two is called fertilization, 
but the process tvhich bnngs this about is 
sexual umon, or coition Fertilization is a 
very simple matter — the piercing of the ovum 
by the head of the spermatozoon Yet by this 
simple operation the complete and complex 
personality of two separate people is handed 
on and blended in a neiv hfe 

The spermatozoon is a very small cell indeed, 
ivhich nevertheless has three distinct parts 
a head, a body and a tail The head is spear- 
pointed and hard, ivhile the tad is long and so 
constructed that it ivaves and vibrates con- 
tinually It IS by the spear-pointed head that 
the sperm ultimately is able to pierce the 
ovum and it is by the action of the vibrating 
tail that the sperm is conveyed along the female 
genital tract to the ovum 

An ovum is a much larger cell, being just 
visible to the naked eye It is enclosed in a 
transparent capsule ivhicli, among other things, 
contains yoik-granules 

Spci-matoza are manufactuied in a pair of 
glands about the size of walnuts called the 
testes, which aie enclosed in a loosely-folded 
bag of skin, the scrotum Spermatozoa do not 
develop until aftei puberty is reached, after 
whidi tune tliey are secreted conbnuously in 
gieat numbers in delicate compartments in tlie 


scrotum called seminal tubules The speim 
live m a jelly-like fluid called semen, which is 
probably the iichest secretion m the body 
This secretion is constantly being absoibed 
into the tissues, and is especially valuable as a 
source of nutriment to the brain and neive 
cells Sufficient semen, hoivevei, is noimally 
left in tivo stoiage tanks called the seminal 
vesicles, situated behind the bladdei, for an 
act of coition 

After the seminal fluid has been secreted m 
the testes it has to be taken to the seminal 
aesicles This is done fiist by way of vessels 
leading from the seminal tubules to the 
epididymus, a very much convoluted duct, 
about two inches long but capable of stretching 
to twenty feet The epididymus leads into the 
vas deferens, ivhich joins the vessels and neia^es 
of the testes to form the spermatic cord The 
duct now runs upivards and outwards to an 
opening in the muscular wall of the abdomen, 
the inguinal canal From this point it runs 
down into the pelvis and reaches the seminal 
vesicles at the back of the bladder 

The penis consists of musculai tissue which 
IS highly vascular (i e , made up of ducts con- 
\''eying blood) and erectile Thioughout its 
length It contains the urethia, the canal v\hich 
takes the urine from the bladder and which 
also acts as a conductor for the semen During 
coition the seminal vesicles contract and the 
seminal fluid is squeezed first along that pait 
of the urethia near the neck of the bladder 
An important gland, the prostate, is found 
heic About tlie size of a hoi-se-chestnut, it 
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SOURCE OF NEW LIFE 
Feitihzatioii is caused by the piercing of the ovum 
by the head of the spei matozooii 


secietes a fluid ivhich during coition is i el eased 
into the uretlira and acts as tlie foierunnei of 
the semen When tlie speimatozoa come in 
contact iwth the prostatic flmd they become 
mobile Much more active than before, they 
ai e tlien able to travel the considei able distance 
before one of them wU come in contact wtli 
an ovum 


BREAKING OF THE VOICE 

In addition to the semen, tlie testes 
manufacture another internal secietion ivhich, 
distiibuted by the blood, brings about those 
changes in the body that characteiize the male 
At puberty, for instance, the iidges acioss die 
forehead become moie pronounced, the chest 
expands, a groisth of haii appeals on the face 
and on die gemtal organs Pei haps the most 
distincti\e of these secondaiy sexual char- 
acteiistics, as they are knoi\n, is the bieaking 
of die voice Although these changes are 
brought about dm mg the six yeare or so of 
adolescence, the secietion continues thiough- 
out adult life It is thought that on it the sex 
instinct depends, and dius, ultimately, die 
piocreation of hfe 

In ivomen the essential organs ivhich pioduce 
the egg-cells are the ovaries, a pair of glands, 
about one and a half inches long, found on 
eithei side of the pehac cavity, lying a little 
behind the kidneys They are attached by 
ligaments to the ivall of die pehns and also to 
the uterus or ivomb Embedded in die fibrous 
tissue of each ovaiy aie a number of rounded 
bodies of vai-jnng size These are the Graafian 
follicles, hollow cells ivliich surround the ova 
About once in every four iveeks during a 
■woman’s hfe, from the time of pubertv until 


the menopause ivhich m most women takes 
place at about the age of forty-five, a Graafian 
foUicle bursts on the surface of the ovary This 
bursting sets free a npe ovum Ova npen at 
the rate of one a month, alternately in each 
ovary 

FERTILIZATION 

When It IS set free from its envelope the 
ovum IS caught up by \abratmg hairs ivhich 
sui round a pan of tubes or oviducts called the 
Fallopian tubes ivhich run convemendy near 
each ovary The Fallopian tubes are about 
five inches long and open at one end mto the 
abdomen and at the other mto the upper part 
of die uterus Fingei-like processes, fimbnas, 
now giip the ovum and conduct it into the 
Fallopian tube, ivhere the -vibrating hairs of its 
lining uige it on to the uterus It is at this 
stage of its journey that a npe ovum is usually 
met by an ascending sperm and fertilization 
takes place 

The uterus is a hollow organ situated in die 
middle of the pehns, inth the bladder in front 
and the lectum behind it Shaped lather like 
a pear, inth its broad end uppermost, this 
important organ isath its muscular ivalls is 
kept in position by a double fold of membrane 



KNOWN AS SEGMENTATION 
Eailiest steps in the deielopment of an egg The 
cell divides into two these into foui and so on 
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The latter, serving as a kind of sling for the 
uterus, runs outwards to the side ^valls of the 
pelvis 

It IS in the walls of the uterus that a 
fertilized ovum first begins its development 
The lining of these walls has previously been 
renewed and made ready by the process of 
menstruation This occurs about once in 
every four weeks from about the fifteenth year 
to the fiftieth during a woman’s life, except 
during pregnancy and in the first months of 
lactation or milk production 

ON A WATER CUSmON 

At Its narrow end the uterus terminates in 
the neck or cervix, whose mouth or os uteri 
opens into the vagina This canal is about 
four inches long and leads to the exterior of 
the body It receives the semen during coition 
and is the passage through which the uterus 
discharges its contents from the body The 
contents of the bladder pass out by way of a 
separate channel, the urethra, which lies m 
front of the vagina 

When fertilization takes place only the head 
of the male cell, which is the nucleus, enters 
the ovum The rest of the sperm breaks off 
and withers By the time the fertilized egg 
reaches the uterus it has divided and redivided 
into a mass of spherical cells This is gradually 
surrounded by a transparent sac, the amnion, 
in which the developing foetus floats, as it were, 
on a water cushion 

BIRTH 

Outside the ammon is another membrane, 
the chorion, tvhose purpose is to connect the 
embryo with the mother Blood vessels in the 
vilh — finger-like processes — of the chorion are 
m close contact with the blood vessels in the 
walls of the uterus In the third month of 
pregnancy part of the chorion develops into a 
thickened mass of blood vessels known as the 
placenta, ivhich become embedded m the 
tissues of the mother By means of the placenta 
nutriment is supplied to the growing fcetus 
and Its ivaste products removed 

After Its nine months’ development the 
baby, lying vith its head below and its buttocks 
above, is sent through the uterus by a senes of 
contractions into the vagina The amnion 
and the choiion now burst and a swift rush of 
fluid from the amnion escapes This is Nature’s 
provision to make easier the passage of the 
child through the vagina The baby is still 
13 


connected mth the mother by the narrov' 
tubular part of the placenta knoivn as the 
umbihcal cord This has to be cut in order to 
separate the child from the mother, but since 
It contains both arteries and veins, it needs 
first to be tied That part of the cord which 
remains attached to the child withers away bv 
degrees the fold of skin known as the navel 
is all that persists to mark its position 



DIVISION IN AMCEBA 
In amceba (1-3) dnision takes place as in liig/iei 
organisms Before the nucleus divides (4) the 
cht amasoines become visible, though they ate very 
small and itnrepi esented in the illustration 

After the birth the uterus again contracts in 
order to expel the placenta, popularly knoivn as 
the after-birth The stretched muscles of the 
uterus, which during pregnancy has expanded 
to moie than ten times its normal size, gradually 
regain their tone 

During the nine months before the birth 
the mammary glands, or breasts, have been 
actively building up the milk granules from 
material brought to them by the blood vessels 
This milk IS manufactured by the breast 
tubules and conveyed by ducts is’hich open on 
to the nipple A healthy nursing mother is 
able to suckle her child for the first six or eight 
months of its hfe 





THE WORKSHOP OF THE HEAD 

In this pict we the lanoiis parts of the head aie ilhistiated in a technical instead of a physiological nay It 
should be coiiipaied with the diagiains on pages 356 and 357, where the \arioiis parts of the brain are illustrated 
in detail and the scientific i ames of the \ anoits centres are given The brain does the work of a great central 
telephone exchange , while in the spinal cord are groups of nei ve cells acting as local exchanges 
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ORGAN OF TASTE 

The upper surface of the tongue is supplied with taste buds, oi papdhe, which ate in contact with net ve-endings 
from the fifth and ninth pairs of cranial nerves Note the paits where vanous tastes aie perceived best 


THE NERVOUS SYSTEM 


A lmost every movement of the body, 
.vhether consciously directed by the will 
or not, IS brought about and regulated by 
the agency of the nervous system The vanous 
other systems of the human machine are 
controlled and made to work harmomousiy 
together by the messages earned through the 
nerves, which may be likened to telephone 
wires connecting every part of the body The 
brain does the work of a great central telephone 
exchange, while in the spinal cord are groups 
of nerve cells acting as local exchanges 
The nervous system is made up of two related 
systems the cerebro-spinal, or central nervous 
system, and the sympathetic nervous system 
The central nervous system consists of the brain, 
the spinal cord and nerves given off from both 
of these The nerve fibres of this system are 
distributed chiefly to the skin, to the other sense 
organs, and to all the voluntary muscles The 
sympathetic nervous system consists of a double 
chain of grouped nerve cells, ganglia, lying 
outside the spinal canal on each side of the 
spinal column Nerve fibres connect the 
ganglia to each other and to the central nervous 
system 

The messages, or impulses, carried by the 
sympathetic nerves may originate in the central 
nervous system, passing through the sympathetic 
system to the involuntary muscles in the heart 
the stomach, the intestine and to the variom 
glands In short, this system regulates processes 
which take place independently of the vill 
We will deal first with the central ncivous 


system The brain is a large organ, consisting 
of a soft mass of nerve fibres and nerve cells, it 
weighs about three pounds in an adult Its 
chief parts are the cerebrum, the cerebellum, 
the pons and the medulla oblongata 

The cerebrum, or greater brain, iveighs about 
nine-tenths of the whole and takes up the uppei 
and front part of the skull box It is divided 
into a right and left hemisphere by a cleft about 
two inches deep A thick layer of grey matter, 
consisting mainly of nerve cells, surrounds ivhite 
fibrous nerve tissue This grey matter is drawn 
up into a number of folds, or convolutions, a 
device by which the brain may be plentifully 
supplied wth blood, for the delicate covering 
membrane, the pia mater, consisting of a thick 
meshwork of small arteries and veins, dips dovm 
into all the convolutions Tivo other coverings 
protect the brain, a tough fibrous membrane 
lining the skull box and, between this and the 
pia mater, a thinner and transparent serous 
membrane ivhich serves as a water cushion 

Partly from observation of such animals as 
rabbits, apes and dogs, and partly from cases 
of injury to man’s brain, it has been found that 
the cerebrum is the seat of sensation, intelligence 
and the will The rabbit, not highly esteemed 
for Its intelligence, has a small cei ebrum ivhich 
IS scarcely convoluted at all, while the ape’s 
bram more nearly approaches man’s in its size 
and general shape 

The various conscious movements of the 
body are controlled from a small stnp of the 
brain running upwar-ds and back from just 
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CENTRAL TELEPHONE EXCHANGE OF THE BODY 
Tim ceiebritm, or greater biain, is the seat of sensation, intelligence and the will The chief nork of the 
ceiebelhini seems to be the co-ordination of movement and the maintenance of balance 


behind the ear Further, this small strip has 
been mapped out into areas controlling the 
hand, the arm, the foot, the thumb, and so 
forth Each about two inches aci oss, the areas 
for smell, hearing and sight he along each side 
of the brain, and an injury to one of these 
areas i\nll at once be apparent m the loss of the 
particular sense affected 

The only one-sided centre m the body is the 
speech centre -which, in iight-handed people, 
hes on the inner side of the left hemisphere of 
the cerebrum, a httle above and a httle in front 
of the ear-tip A curious fact about the ivork 
of the cerebral hemispheres is that each side 
receives messages from, and controls the 
opposite half of, the body Thus, the right 
cerebral hemisphere controls the left side of the 


body, and an injury to the left side of the 
cerebrum i\all cause paralysis to the right side 
of the body All the ner\'e fibres m each half 
of the cerebrum run dowmwards and imvards 
to meet in a band connecting the cerebrum 
Math tlie base of the brain and i\ath the spinal 
cord 

The cerebellum, sometimes knoum as the 
lesser brain, hes beneath the back part of the 
cerebrum It also is divided into tivo hemi- 
spheies, wth grey matter surrounding the white 
fibrous substance The chief ivork of this part 
of the brain seems to be the co-ordination of 
movement and the maintenance of balance 
Experiments have proved that when the 
cerebellum of an animal is injured, although it 
can move its voluntary muscles, it can nather 
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MAP OF THE HUMAN BRAIN 

In the medulla oblongata {at foot on light) the naves aoss fiom one side to the other, winch explains i\hy 
the left side of the brain controls the right side of the body and vice versa 


^valk nor balance properly Below the back 
part of the cerebellum and connecting its two 
hemispheres is a broad band of fibres called the 
pons 

The medulla oblongataj or bulb, is the 
hindermost part of the brain wluch gives off 
more nerves than all the rest taken together 
About an inch in length, it connects the brain 
%vitll the spinal cord If it is injured even a 
little, a great deal of paralysis may follow, if it 


IS destroyed, instantaneous death results It 
controls the actions of breathing and swalloiv- 
ing It IS m the medulla oblongata that the 
nerve fibres cross from one side to the other, 
ivhich explains hoiv it is that the left side of the 
biam controls the right side of the body and 
vice versa 

The spinal cord is a long tube of nervous 
tissue contained in the spinal canal About 
eighteen inches in length and as thick as a 
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REFLEX ARC 

The withdi awing of the hand when burned is an 
automatic action peijoimed without the pat ticipation 
of the will 

man’s little finger, it luns from the medulla 
oblongata to the fiist lumbar veitebra, giving 
off a number of blanches on the way This is 
the central cable of the telephone system of the 
body Like the brain, the spinal cord has the 
delicate covering of the pia matei ivhich gives 
it Its blood supply, the serous covering and the 
fibrous covering In addition, between the 
last two, there is a layer of fat which gives 
further protection to the spinal cord 

The cential cable of the telephone system of 
the body gives off thirty-one pairs of bi anches, 


right and left These are the spinal nerves 
Each spinal nerve has two kinds of nerve fibres 
inward or sensory fibres which bring messages 
from the muscles and the skin, and outward or 
motor fibres which take commands to the 
muscles and the glands 

MESSAGES FROM THE BODY 
Most of the spinal cord is made up of bundles 
of white fibres which bear messages from the 
body to the brain The central part, however, 
is made up of grey matter (branching nerve 
cells) which, m a cross section of the cord, has 
the appearance of a double crescent-shaped 
mass, joined by a bridge The free ends of the 
crescents are known as the anterior horns and 
the posterior horns respectively A bundle of 
nerve cells emerges from each of these horns, 
making the anterior and posterior roots 
Nerve fibres run from both roots and, as they 
leave the cord, combine to form one mixed 
nerve m a common sheath Though lying 
side by side, the fibres retain their respective 
sensory and motor functions 

In order to follotv the course of a message 
sent to the brain from the outside world, let 
us suppose that a child puts his hand on a hot 
radiator His next action is to wthdraw the 
hand qmckly, probably giving a cry of dismay 
and fear at the same time In the skin are very 
small bodies, the ends of nerve fibres, which are 
able to feel the heat These are irritated by the 
stimulus and send an impulse to the nerve cell 
at the .other end of the nerve fibre m the spinal 
column Here the message brought in at the 
posterior root is passed on and travels back 
from the anterior root to the muscles of the 
injured hand This impulse causes them to 
contract, and so the hand is jerked away 
The path fi om the sense organ over the central 
nervous system to the motor organ is called the 
reflex arc This -withdrawing of the hand, 
then, IS an example of a reflex action — ^in other 
words, of an automatic action performed 
without the participation of the wall 

RELAYED BY THE BRAIN 
The nerve fibres from the sensory path and 
from the motor path are connected with nerve 
cells whose fibres run along inside the spinal 
cord up to the different parts of the brain 
When, on touching the hot radiator, the child 
feels the pain in his hand, this is because the 
impulse has travelled along one of those paths 
inside the cord and has reached that part of the 
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brain which conveys the sensation of pain 

The brain at once sends back a message that 
the hand must be jerked away, though actually 
this message has already been sent by the 
centres m the spinal cord But the brain is 
sending other messages in connection Avith the 
hurt hand to call various muscles into activity 
The child probably cries, and this crying may 
bring him help He may run auay fiom the 
radiator, since he now knows it to be dan- 
gerous He would do none of these things but 
for the messages relayed by the brain on 
receiving the initial message that the child felt 
pain 

SYMPATHETIC NERVOUS SYSTEM 

Having had the evperience of burning his 
hand on the hot radiator, the child m future 
will probably not touch the radiator at all In 
this way is set up a second reflex of a higher 
order, called a conditioned reflex Much of our 
daily life is bmit up of such conditioned reflexes 
For instance, as already noted, the taking in of 
food at once induces a flow of saliva to aid 
digestion Since this is so, the sight or even the 
smell alone of the food is enough to set the same 
mechanism at work Finally, the thought of 
an appetizing dish of, say, gnlled chop and 
tomatoes, will be sufficient to send a flow of 
saliva into the mouth 

Much investigation is still being carried out 
on the sympathetic nervous system, but it is 
believed to be outside the control of the will 
yet within the influence of the emotions A 
charactenstic is the formation of extensive 
bunches of nerve cells found among the viscera 
of the thorax and the abdomen For instance, 
the nerves from the fifth to the tenth ganglia 
run together to form the great plexus, or net- 
work, lying behind the stomach, knoivn as the 
solar plexus A severe blow in the region of 
the stomach iwll give such a shock to the solar 
plexus that a man mil temporarily be unable to 
get his breath 

IMPULSES TO THE GLANDS 

In addition to supplying the involuntary 
muscles the nerves of the sympathetic system 
are believed to send impulses to the glands and 
to the ivalls of blood vessels When the face 
IS grey mth anxiety or rosy mth pleasure it is 
because the blood vessels arc reacting to 
messages ivhich have passed through the sym- 
pathetic nervous system, although they may 
have originated m the central nervous system 



SPINAL CORD AND SPINAL NERVES 
The central cable of the telephone system gnes off 
thirty -one pairs of branches, right and left These 
are the spinal nenes 




3G0 


THE HUMAN MACHINE AT WORK 



RODS AND CONES THAT AID LIGHT 

The tear gland secretes a salty liquid winch helps to keep the eyelid moist The cones of the letiiia (right) 
are sensitive to the intensity of light , the rods enable colour to be percened 


SENSE AND SPEECH ORGANS 


C LOSELY allied to the nenous system aie 
the special oigans of sense These aie 
the touch bodies in the skin the eje, 
the eaij tlie nose, and the mouth It is by 
means of these oigans that man is connected 
with the outside world Impulses aie receixed 
by them and sent by ner\es to the biain 
In the desciiption of the iefle\ arc it was 
seen how' the stimulus of heat ^\as conveyed 
to the cential nervous system and to the brain 
Touch, the most ividely diffused of all tlie 
senses, is not qmte so simple Scatteied all 
ovei the suiface of the skin aie nulhons of 
tiny bulbs at the end of the ner\'es Blanches 
run fiom these to join laiger ner\es, and tlius 
are connected witli the spinal coid The 
small bulbs at the nerve tips, howe\er, have 
specialized woik to do, oivnng to the fact that 
the end of each nerv'e fibre can only be excited 
by one kind of stimulus 

If the palm of the hand is touched Avith a 
pointed pencil that is colder than the skin 
itself. It IS only ceitain spots, the cold spots, 
that feel this sensation of cold Other parts 
of the palm respond to heat, and otheis to 
pressure Accoidmgly, ^vhen any object is 
touched, the complicated sensation leceived 
IS tlie result of the combined response to these 
stimuli Certain parts of the skin, such as 
that of the tongue, tlie cheeks, the lips and 
tlie finger-tips, are much moie sensitive to 
outside impressions than tlie rest, for it is in 
these regions that the small bulbs at the ends 
of the nerves are most numeious They are 
densest of all m the tongue, ivhicli explains 


Avhy a hole m a tooth explored by it seems so 
infinitely largei than it really is 

Every sensation w'e have of heat and cold, 
moistness and dimness, and so on, as w'ell as 
many sensations of pain, is a registiation by 
the biain of a message picked up by nerve 
endings in the skin and tiansmitted by the 
ner\e fibre \Vhcn in certain nervous diseases 
the line of transmission is out of order, any 
or all of these sensations may be lost the ner\ e 
endings do not lespond 

Tlie e\e is, in effect, a immature photo- 
giaphic camera It is set in a bony cavity of 
the skull known as the orbit, and is connected 
with the biain at the back of it bv the stalk- 
hke optic nerve The bony sides of the orbit 
pi otect the eyeball on all sides except the front, 
wheie Its delicate suiface is shielded by the 
lids The lids blink automatically every feiv 
seconds, and by these regular movements clean 
the suiface of the eyeball from dust and keep 
it moist 

Covered outside by oidinary skin, each eye- 
lid IS furnished on the inside tvath a smooth 
membrane called the conjunctiva This is 
kept moist paitly by its own mucus, and paidy 
by the salt) liquid secreted by the lachi)'mal, 
oi tear, gland This gland is at the top of 
the orbit, near its outer edge, and functions 
most actively vvhen any foreign body gets 
caught betvveen the eyeball and the hd and 
nutates the membrane 

Attaching the eveball to the walls of the 
orbit are six small muscles Four of these, 
the lecti muscles, are straight bands which 
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THREE ORGANS OF TOUCH 
77ie bulbs at the iteive tips have specialized walk to 
do because the end of each nerve fibre can only be 
excited by one kind of stimulus 

enable the eye to turn upward, downward, 
and to each side The other two, slightly 
bent m their course and hence called the 
oblique muscles, run across the orbit and give 
the eyeball the power of rolling 
The eyeball is roughly spherical, but its 
front pait projects in a slight bulge The 
outermost of its three coats is the sclerotic, a 
tough and opaque white membrane which 
foiTOs the hinder five-sixths of the sphere, and 
IS partly visible as “ the white of the eye ” 
Let into the sclerotic in front, as a window is 
let into a room, is the transparent and slightly 
bulging cornea 

COLOUR OF THE EYE 

Lining the inner surface of the sclerotic is 
the eye’s second coat, the choroid, a pigmented 
membrane, plentifully supplied iwth blood 
vessels At the bordei of the cornea it leaves 
the sclerotic and, as a ciicular colouied cur- 
tain, called the ms, extends across the eye at 
some distance behind the corrtea It is the 
ins ivhich gives the eye its colour Consisting 
of nvo layers of unstriped muscle, it regulates 
the amount of light entering the eye by expand- 
ing or contracting the circular hole, the pupil, 
uhich pierces its centre No light can pass 
through the ins itself because of the black 
pigment ivhich covers its back surface 
The innermost of the three coats of the eye- 
ball IS the retina, the most important structure 
in the eye Sensitive to light, this serves as a 
photographic plate Although it is only one- 
fiftieth of an inch thick, the retina is composed 


of no fewer than ten cell layers Nearest the 
choroid a layer of pigment cells keeps the light 
from spreading Next to these comes a layer 
of highly-specialized cells which take in the 
light, the rods and cones as they are called 
The cones are sensitive to the intensity of light, 
the more numerous rods, which contain a sub- 
stance called the visual purple, enable colour 
to be perceived 

WHERE VISION IS CLEAREST 

In the retina a small oval pit in the middle 
of the back of the eye is known as the yelloiv 
spot At the centre of this spot only cones 
are present, yet it is heie that vision is clearest 
distinctness of vision, then, is due to the cones 
At the point where the optic nerve from the 
brain enters the retina, the characteristic red 
colour of the latter is vaiied by a small oval 
patch of pale pink Here there aie neither 
rods noi cones Consequently, this area is 
insensitive to light, and is termed the blind 
spot 

The hollow intenoi of the eyeball is divided 
by the ins into two unequal spaces called 
chambers Lying between the cornea and the 
ms, the small front chambei contains a clear 
watery fluid, the aqueous humour, the large 
chamber at the back of the ins is filled with 
a transparent jelly-hke substance knowm as the 
vitreous humour The latter is hollowed out 
in fiont to take a double convex lens, called 
the crystalline lens of the eye Unlike that of 
a camera, this lens is not a firm body, but 
consists of a transparent clastic tissue set in a 
ring of muscular fibre, the ciliary muscle, 
which, on contracting, causes the lens to bulge 
and so become thicker m the middle 



HOW THE SENSES DECEIVE US 
Place a finger of one hand in hot iiater and a finger 
of the other in cold, then both m liikei\arm ivater 
The result will be as above 
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"LONG” AND “SHORT” SIGHT 
Both defects can be corrected by spectacles with 
convex lenses and concave lenses respectively 


It IS this poiver of accommodation as it is 
called, which enables the eye to form images 
of both near and distant objects As the 
photographer focuses his camera by altenng 
the distance betiseen the screen and the 
refracting lens, so the ciliarj'^ muscle by bulging 
the lens of the eye makes it thicker and so 
capable of focusing the di\ergent hght rays 
from near objects, or by flattemng it bnngs 
the almost parallel rays from distant objects 
into focus upon the retina 

HOW ^^'E SEE 

The mechamsm of sight is briefly this hght 
falling upon the eye is concentrated by the 
cornea, then by the aqueous humour and 
finally by the ciystalline lens, i\here it is 
properly focused Traversing the wtreous 
humour, ivhich also has a minor share in 
tlie focusing, its rays strike the retina, upon 
which they produce a small inverted image 
of the object seen Light first meets the ner\ e 
fibres in the retina The rods and cones, 
which rnay be compared to the touch bodies 
in the skin, aie stimulated by the hght This 
affects the optic nen^e, and impulses are sent 
to the brain, produang visual sensations 

The retina has the pow er of retaining images 
made upon it for a brief time — about one- 
eighth of a second This explains why a 
mounting rocket gives the impression of a 
Uail of light, while a glowang rope-end, rapidl) 
whirled, produces the effect of a circle of hght 

If a bright object is gazed at for a time, 
tliat part of the retina on ■winch the image 
falls IS soon exhausted This mav be tested 
by turmng the eyes fiom the hght to a sheet 
of W'hite paper, ivhen a dark spot or after- 
image IS seen This is an illusion, produced 
because the rays of hght from tlie seemingly 
dark spot are in fact falling on the axhausted 
part of the retina 

CAUSES OF BAD SIGHT 

The comparison of the retina to a photo- 
graphic plate may be earned further In the 
same ivay as the hght-sensitive layer on the 
plate changes chemically under the influence 
of light, so the visual purple is bleached 
This bleached substance stimulates the rods 
to send impulses to the brain The \Tsual 
purple, however, has the capacity to regain 
Its colour in a short time Strong hght falhng 
continuously on the retina allo-^s's no time for 
this recovery Consequently the retina becomes 
temporarily exhausted 
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MECHANISM OF SIGHT 

The retina has the power of retaining images made upon it for about one-eighth of a second Light fiist 
meets the net ve fibres in the letina Optic neives carry impulses to the bi am, pt odttcmg visual sensations 


In the case of people whose eyes are too 
small and flat, or not sufficiently bulging, the 
rays of light are focused not on but behind 
the retina, and a blurred image results This 
IS known as “ long sight ” Eyes that are too 
big or too bulging focus the rays in front of 
the retina Again the image is blurred, this 
type of defective vision being called “ short 
sight ” Both defects can be corrected by 
spectacles with convex lenses for long sight 
and concave lenses for short sight 

Each eye sees the object before it from a 
slightly different angle But in spite of this 
we see only a single image The nerve flbres 
of the right half of each eye unite and go to 
the optic centre in the right hemisphere of the 
brain, while the nerve fibres of the left side 
of each eye go similarly to the left hemisphere 
In this way the stimuli from each eye become 
mixed and produce one image 

MECHANISM OF THE EAR 
At the side of the head is the outer ear, a 
folded plate of cartilage covered with skin, 
leading into the skull by the auditory canal 
Protected by the strong bones at the base 
of the skull he the two chambers of the 
inner and the middle ear The middle ear is 


separated from the auditory canal by a tightly- 
stretched membrane, the drum or tympanic 
membrane, and from the inner ear by a second 
and similar membrane, the fenestra ovahs 
The gap between the two membianes is 
bridged by the chain of three small bones, 
known on account of their shape as the hammer, 
the anvil, and the stirrup The hammer fits 
into the tympanic membrane, and the stirrup 
into the fenestra ovahs 

WHEN WE FEEL GIDDY 
In order that the drum may vibrate freely 
and transmit the vibrations to the small bones, 
the hollow in which these are placed must be 
kept full of air This is provided for by a 
pipe called the Eustachian tube which connects 
with the back of the throat behind the air 
passages of the nose If we have a bad cold, 
and the mouth of the Eustachian tube becomes 
blocked, the drum cannot vibrate properly, 
and temporary deafness often results 
The inner ear consists of two parts, only 
one of which has to do with hearing The 
auditory nerve with its three thousand imnute 
nerve rods suspended in lymph fluid, is pro- 
tected by a bony tube, wound up like the shell 
of a snail This bony tube, known as the 
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MUSCLES THAT MOVE THE EYE 
The four lecU muscles enable the eye to turn upward, 
downward, and to each side The oblique muscles 
cause it to toll 

cochlea, is connected -with the middle ear by 
the fenestra ovahs into Avhicli, as we have 
seen, the stirrup fits, and by the fenestra 
lotunda, an elastic membiane designed to give 
play to the Anbrating Ijntnph inside the cochlea 
Sound travels thiough the outer ear, ivhich 
acts merely as a leceiving horn, and, passing 
along the auditoiy canal, sets the whole 
appaiatus into motion — tlie drum, tlie three 
small bones, the fenestia rotunda and tlie lymph 
inside tlie cochlea i\hich finally excites the 
nerve endings Fiom these tlie impulse travels 
to the brain 

Inside the same chamber as the cochlea are 
three small curved tubes called the semi- 
circular canals These, arranged m three 
planes, are so constructed that every movement 
of the body, up and doi\m, light and left, 
backivards and fonvards, is registered 



MECHANISM OF SMELL 
How sensations of smell are carried to the brain from 
the perfume given off by a flower 


These tubes contain a fluid and are hned 
with sensitive hairs over ivhich small crystals 
of carbonate of lime are suspended These 
crystals change their place at every movement 
of the body, thus stimulating different hairs 
m different positions The hairs, or nerve- 
endings, from the flmd are gathered into a 
large nerve runmng into the cerebellum If a 
serious disturbance occms m the semicircular 




HAMILTON COLLECTION 


OPERATION ON THE EYE 
As pictured in the first German manual on diseases 
of the eye, published m Dresden in 1583 

canals, our sense of balance is upset, and i\e 
probably feel giddy Sea-sickness, train-sick- 
ness, and swnng-sickness are all explained by 
this fact 

The organ of smell, hke tlie organ of taste, 
IS not so ivell developed in man as m other 
animals Only about ten per cent of the ivork 
of the nose is concerned ivath smell Although 
the other mnety pei cent is made for the ivoik 
of bieathing, it is the ten pei cent ivhich deades 
if the air taken in is good or bad 
The part of the nose that does the i\ork of 
smeUing is found at the top of the air passage, 
under the root of the nose At this spot is a 
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MECHANISM OF HEARING 

Sound sets in motion the dntm, the bones of the middle ear, the fenesira rotunda and the fluid inside the 
cochlea, which finally excites the iteive endings From these the impulse travels to the brain 


patch of deep yellow mucous membrane, 
which IS very sensitive to odours that nse to 
it The appetizing flavours of coffee, grilled 
chop, tomatoes and so forth which set our 
salivary glands to worlc, are not really tasted 
at all, they are smelt by this delicate area 
lying at the highest and back part of the 
nose Here the nerve fibres of the olfactory 
nerve branch out When the nerve-ends are 
stimulated by odours, sensory impulses are 
transmitted to the brain 
The organ of taste lies in the mucous mem- 
brane of the tongue, more particularly m its 
upper and back part, and also m the mucous 
membrane of the back part of the palate 
The upper surface of the tongue is supplied 
with so-called taste buds, or papillse, %vhich 
are in contact -with nerve-endings from the 
fifth and mnth pairs of cramal nerves 
The only substances that can really be tasted 
in the mouth are those that are sweet, bitter, 
sour, 01 salty At the back of the tongue are 
about ten large papillas, arranged in two rows 
like an inverted V This is the part of the 
tongue that is able to taste bitter substances 
best, while the tip and the middle, which have 
smaller and redder papillae, perceive siveet and 
salt tastes more readily 
The sounds we make m speech are the 
vibiations pioduced by the air leaving the 
lungs— which act as a bellows— and setting the 


vocal colds in motion These sounds are 
modified and enlarged by the chest, the mouth 
and the head, all of which serve as resonance 
boxes The actual speech organ is the larynx, 
or voice box, i e , the upper part of the wind- 
pipe reaching about one-third of the way down 
the neck 

This consists of four pieces of cartilage, to 
which the two vocal cords are attached They 
are so arranged that the cords can be stretched 
and relaxed by small muscles The more 
tightly these cords are stretched and the 
smaller the gap between them, the higher 



THE COCHLEA IN SECTION 
The cochlea in section, showing the spiral chambers 
and nerve endings vibrating in lymph 
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and shriller is the tone emitted The more 
relaxed the cords and the bigger the gap 
beti\ een tliem, the softer and deeper the tones 
The tongue, tliejaira and the teeth, hoivever, 
modify the tones produced The vowels can 
be formed by the mouth alone iMthout other 
help, the consonants by blocking in various 
ways the stieam of air sent out by the lungs, 
thus “ s ” IS shaped by closing the teeth, 
“ m ” by closing the lips, and “ n ” by pressing 
the tongue against tlie teeth 

In speech and song many factors are 
involved regulation of breatliing, movement 


of the muscles in the larjuix, movement of 
the tongue and cheeks are some of the most 
important of these Thus, the spinal nerves 
which control respiration and tlie cranial 
nerves which regulate movements of the face 
are in reality speech muscles It is a pleasing 
thought that out of the -waste air sent from 
the lungs man produces that -^vonderful thing, 
the human voice 'When the lar^uix is defective 
in a mute the person must learn to sivallow' air 
and regulate its gmng off so that by adjusting 
the position of the mouth speech may be 
produced 
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it IS obligatory to mix minute quantities of 
iodine in the table salt as a corrective for the 
deficiency 

When the thyroid is over-active, the burning 
up of the carbohydrates m the body goes on 
much too fast The person loses iveight, and 
the heart is overtaxed Finally, the thyroid 
gland becomes exhausted, when collapse or 
death results 



HAMILTON COLLECTIOV 


FAMOUS IRISH DWARF 
Oweti Panel, whose height was 3ft 9in Undei- 
functiomng of the pituitary gland leads to dwarfism 

When the parathyroids have been accidentally 
removed in an operation on the thyioid, it has 
been found that after five or six days, tetanus, 
or severe cramp of all the muscles, attacked the 
patient Death shortly folloived The blood 
was discovered to be seriously deficient in its 
calcium content, and this was the cause of the 
tetanus 

The adrenals have the fourfold function of 
regulating the blood pressure, of regulating the 
supply of glucose or blood sugar, of counteract- 
ing fatigue, and of influencing normal sexual 
development The blood pressure is regulated 
by the action of the hormone adrenalin, from 
the adrenal glands, upon the capillaries, this 
makes them contract Incidentally, this is one 
means by which the body temperature is 
regulated 

The adrenalin acts on the glycogen in the 


liver, and the glycogen is turned into glucose or 
blood sugar When an extract of the adrenals 
is injected into a normal person, he becomes 
much more active and less liable to fatigue 
The influence of the adrenals on sexual develop- 
ment IS as yet imperfectly understood, but their 
work IS thought to be connected with that 
of the pitmtary 

BOY NINE FEET TALL 

The islets of Langerhans secrete a substance, 
insuhn, which enables the tissues to take up the 
glucose manufactured in the liver under the 
stimulus of the adrenal glands People i/hose 
blood IS lacking in insulin are unable to make 
use of the glucose Consequently, the blood has 
much too high a sugai content, a condition 
that is known as diabetes mellitus Since the 
tissues do not get enough glucose, they become 
undernourished and are not able to function 
properly The patient gro\vs ^veaker and 
weaker, since he is unable to utilize the carbo- 
hydiates in his food With the discovery of 
insulin it has become a comparatively simple 
mattei to cure diabetes by injection 

The pituitary has t^vo lobes, each with three 
distinct functions The posterior lobe regu- 
lates the flow' of urine, causes a contraction of 
the uterus m parturition, and has a certain 
influence on the blood pressure The anterior 
lobe regulates gro\\'th, controls sexual develop- 
ment, and has a slightly stimulating effect on 
milk pi oduction Although the secretion, com- 
parable to the thyroxin in the thyroid, has not 
yet been isolated chemically, it is thought to 
be some kind of protein 

REGULATION OF GRO^VTH 

The best understood function of the pituitary 
is its regulation of grois'th Under-functiomng 
of the pitmtary leads to dw'aifism and sexual 
under-development kno\vn as infantilism 
Over-functiomng during early youth leads to 
gigantism There is a case on record of a boy 
of eleven ^vho ^ve^ghed two hundred and fifty 
pounds and w'ho was about nine feet high A 
recoided case of dwarfism is that of a girl of 
nine and a half who ^vas only thirty-five and a 
half inches tall and w'ho weighed tiventy-seven 
and a half pounds 

When either under- or over-functiomng takes 
place, there is also sexual under-development 
If, after maturity is reached, the anterior lobe 
of the pituitary begins to function excessively, 
the condition know'n as aciomegaly is brought 
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about Only those parts sull capable of 
growth— le, the hands, the feet, the face, 
especially the chin and nose— are affected 
The features become coarsened and enlarged, 
and the hands and feet grow excessively big 

THAT TIRED FEELING 

WTien the hormone from the antenor lobe of 
the pitmtary is insufficiently secreted, an obese 
condition is brought about The Fat Boy of 
the Pickwick Papers who is always wanting to 
sleep can be explained on this basis 

In addition to the specific functions of the 
pituitary gland it also exerts an influence on the 
thyroid, the adrenals, and the gonads, though 
to what extent is not yet fully understood In 
one sense its role can be compared to that of the 
brain in its relation to the nervous system For 
It IS the dominant gland of the endocrine 
system 

The ovaries and the testes, called the gonads 
in relation to this system, secrete substances 
which influence the development of the secon- 
dary sexual characteristics In the female the 
hormone knoivn as oestnn regulates the 
processes of menstruation and ovulation When 
a ripe ovum is fertilized, the shed Graafian 
follicle (which, as we saiv in the chapter on 
Reproduction, previously surrounded the ovum) 
grows out into a body called the corpus luteum 
This then secretes a hormone called lutein 
which inhibits, or prevents, further ovulation 
and therefore further menstruation It also 
stimulates the mammary glands to secrete milk 

In pregnant ivomen, osstrm and another 
hormone similar to that from the anterior lobe 
of the pitmtary gland are excreted m consider- 
able amounts in the urine This fact has been 
used to ascertain during the first weeks whether 
a woman is pregnant or not This is the only 
real test, since all other indications are but 
conjecture 

INFLUENCE ON TEMPERAMENT 

The hormones from the ductless glands, 
because of their influence on the body, are 
also partly responsible for what we convemently 
term the temperament of a person For 
example, a slight over-functioning of the 
thyroid is charactenzed by wacity, while an 
under-functioning gives a corresponding dull- 
ness When our knowledge of the endocrine 
system is much gi eater, it may w^ell come 
about that we shall be able to explain our 
various moods in terms of this or that gland 


functiomng or othens ise failing to funct on 
It was thought at one time that VoronofF s 
operation— the transplanting of testes— would 
overcome the symptoms of old age This 
today, after much re-examination, is ver\ 
much doubted The opeiation has been found 
to produce temporary' improvement only, and 
the same result has also been obtained in a 
number of other w'ays The same conclusions 



POSITION OF THE DUCTLESS GLANDS 
The secretions of the ductless glands contain a 
substance spoken of as the hormone, whose notk is 
to stimulate a paiticnlar organ They are also paiilv 
lesponsible fo> tempei ament 

have been reached ivath regard to Steinach’s 
operation, winch w’as at first looked upon as a 
triumph for endocnnology, making rejuvenation 
possible 

Much W'ork IS still being done on these 
problems, and it is confidently expected that 
a great deal of new matenal wall be available 
in the near future 
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PRECAUTIONS TAKEN TO ENSURE PURE MILK 
Milk, butter and cream contain vitamin A Deficiency of it leads to diseases of the skin and of the eyes, while 
the lungs and intestines become susceptible to infection 1 Milking by electiicity 2 Milking by hand, 
the milkman wearing a 1 espu ator 3 Testing milk foi purity 4 Bottling in containei s 
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MINIMUM REQUIREMENTS AND ACTUAL CONDITIONS 
Rooms icgarded as mcessaiy fo} afamdy of two and of four people In 1931 ovet 2,500,000 people in Great 
Btitaui had ratliei mote than two persons to a worn ovet 7,000,000 had less than tno looms fot tliiee people 


MAN AND HIS ENVIRONMENT 


N ature and nurture — in other words, 
heredity and environment — are the t^vo 
great factors that make a man what he is 
As to his physical and mental make-up, a 
man may have received a good inheritance or 
a bad inheritance — most people have been 
given something between the two — but that 
make-up, once given, is modified for bettei 
01 \^orse by all the factois that enter into what 
IS commonly termed environment Some of 
the most important of these are food, housing, 
sunlight and air, occupation, exercise, rest and 
leisure 

Because of loiv wages and high rents few 
families are able to afford the number of 
rooms that they ivould like, while many families 
cannot afford the accommodation they requiie 
for health’s sake In every laige town and 
city thousands of houses are to be found let 
off in rooms, often a whole family occupies one 
room or, at best, two 

The Housing Act of 1930 states the require- 
ments of a family of two to be tivo rooms, 
and of a family of four, three rooms This is 
the minimum foi decency and comfort Yet 
at the English census of 1931 over two and 
a half million people were living rather more 
than two to a room, while over seven million 
had rather less than two rooms for three 
people In London, only one family m three 
had a house which it did not shaie 
Such overclouding affects the physique of 
the people in a score of ways When washing, 


cooking, eating and sleeping aie all carried out 
in a very small space, sometimes in a single 
room, the fight ivith dirt and disease becomes 
doubly difficult The principal souice of 
tubcicular infection, for example, is the 
sputum of consumptive patients, and the ovei - 
croivded dwellings of the pooi are the worst 
breeding-places of tubeiculosis 

Not merely contact with infected persons, 
but impuie air, contaminated food, infected 
milk and personal uncleanliness set up a pre- 
disposition to disease Where space is limited, 
the storing of food, whether cooked oi uncooked, 
IS a serious pi oblem For food quickly becomes 
contaminated in a hot, airless room which, 
because of poor ventilation, is charged ivith 
the w'aste products of the people living in it 

Sunlight and air have a most invigorating 
effect on the human body, and provide the 
best allies man has against micro-organisms 
A room that is at once bedroom, sitting-room 
and bathroom is necessaiily cluttered with too 
much furniture and clothing In addition, 
doois and windows are often kept shut in the 
hope ofsecuimg a little privacy and of excluding 
noise and smells 

Where a house built for one family is occupied 
by several the water supply ahvays presents 
difficulties One or more families too often 
have to fetch their water from a tap a flight 
or two of stairs aw^ay Consequently, the wash- 
ing of the body and the v\ ashing of clothes 
become laborious matters Usually the disoosal 
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of the dirty water involves the same trouble 
and expenditure of energy Bathing of the 
body has most often to be done at the public 
baths, and this in many cases can be afforded 
only at too rare intervals It is often impossible 
for every member of the family to have a 
regular bath each week 


MUSCLES AT WORK 

Muscles used m leaning fonvatd oi backwaid, and 
the dnection in which they pull Exeicise is essential 
to health and should be the light of everybody 

Exercise, which may be defined as the 
bringing into play of those muscles -which a 
person does not normally use at his woik, 
should be the right of everybody But in 
overcro-wded areas, exercise in the park, the 
swimming bath, or the gymnasium is available 
only to a few — usually young men ^vho have 
energy and initiative and a little money to 
spend The Physical Fitness Campaign inau- 
gurated by the Pubhc Health Acts of 1936 
should do much to remedy this state of affairs 
The greatest en-vironmental factor of all is 


that of food During the last fifteen years or 
so the study of nutrition has increasingly become 
the concern of scientists The results of their 
research shmv that certain foods are necessary' 
to health, and that a deficiency of any such 
foods causes a breakdowm in some part of the 
human machine 

ENERGY NEEDS OF THE BODY 

The energy needs of the body are supphed 
by the proteins, carbohydrates and fats m the 
diet, the proteins having the additional ivork 
of building up new tissue in children and of 
lepainng worn-out tissue in the adult While 
the -work of the body in general is stimulated 
by the protein intake, other essentials are the 
imnerals and the vitamins found m the so-caUed 
protective foods For practical purposes only 
-vitamins A, B, G, D, and E need be considered, 
although other -vitamins have been discovered 
and much investigation m this field is noiv being 
earned out 

The chief substances ivhich go to make up 
protein are called amino-acids In order to 
get enough of these amino-acids for its needs, 
the body must take in about one hundred grams 
(one gi am = approximately one tiventy-eighth 
of an ounce) of protein daily Not all protein 
IS of the same quality First-class protein is 
denved from animal products, fiom milk, eggs, 
fish and meat, ^vlth the internal organs of 
animals as a particularly \ aluable source It is 
usually reckoned that an adult man needs to 
take about fifty gi ams of first-class protein every 
day The rest may be obtained from such 
foods as peas, beans, lentils, ^vholemeal bread, 
and whole grains 

STARCHY ANT) SUGARY FOODS 

Cai bohydrates are mainly derived from the 
staichy and sugary foods They may be 
likened to the coal of a steam-engine, since they 
supply the heat and energy necessary for the 
activity of the body Starch is converted into 
sugai by the process of digestion In the inter- 
mediate stage of this conversion it is knoi\n as 
glycogen, which is stored in the liver From 
the latter it is distributed and absorbed into 
the blood In this ^vay the body has a supply 
of fuel available for its needs The daily 
alloivance of carbohydrate for an adult should 
be not less than five hundred grams During 
cold weather more fuel is reqmred to maintain 
body heat, and the alloivance may be increased 

The chief sources of carbohydrates are cereals 
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FOODS IN WHICH VITAMINS ARE FOUND 
The energy needs oj the body are supplied by the proteins, carbohydrates and fats in the diet While the work 
of the body in geneial is stimulated by the piotein intake, other essentials are the minerals and the vitamins 
found 111 the so-called pi otective foods For practical pm poses only vitamins A,B,C, D, and E need be considei ed 


and the bread and flour made from them, 
potatoes, root vegetables and nuts Green 
vegetables contain a certain amount of starch 
With the starch is usually found some protein, 
vitamins and minerals Wheat, nee and sugar, 
however, aie today so milled and refined that 
they are to a large extent robbed of these 
valuable constituents If possible, brov n rice, 
wholemeal flour and bread, and brown sugar 
should ahvays be bought Wholemeal bread 
IS a source of starch, protein, vitamin B, and 
the minerals lime and potash Refined cane 
sugar should be replaced by honev, raisins and 
figs, which provide good natural sugars 

FATS SUPPLY HEAT 

The mimmum amount of fats needed daily 
by a grow n man is one hundred grams Much 
of the fat used by the body is bmlt up from the 
starch and sugars Weight for ^velght, fat 
provides twice as much heat as starch or sugar 
It foUoivs that in hot climates the consumption 
of fats IS greatly reduced, W’hile the Eskimos 
find It necessary to eat large quantities, ivhich 


they obtain for the most pait from the blubber 
of whales and other big sea animals The 
best sources of fats are milk, butter, fresh 
herrings, olive oil, and some cereals such as 
oatmeal 

Vitamin A is found particularly in such 
animal fats as milk, butter and cream Defi- 
ciency of vitamin A leads to certain diseases of 
the skin and of the eye, i\ hile the lungs and the 
intestine become particularly susceptible to 
infection 

THREE VALUABLE \TrAMINS 

Vitamin B, often called the anti-neuntic 
vitamin, is soluble in water Deficiency of 
It leads to various forms of neuritis and to 
muscular weakness \Vhole populations have 
been attacked by benberi, a disease producing 
paralysis of the nerv es and hmbs, v\ hen there is 
a serious shortage of this vitamin Its chief 
sources are -^east, the yolk of egg, tomatoes, 
potatoes, carrots, jmey frmts, leafy green 
vegetables, the seeds of plants and the outer 
covenngs of grams Grains that have had the 
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FOX 

“ LIFE IS A FIGHT ” 


Sunlight and air provide the best allies man has 
against micro-oi ganisms 

germ and husks removed by milling are largely 
deficient in \atamin B 

Vitamin C, oi the anti-scorbutic ntamin, is 
soluble in iratei and often damaged by heat 
uhen food is cooked, especially when soda is 
added to the uater In the absence of this 
vitamin theie is loss of iveight and muscular 
weakness, gums are apt to swell and teeth to 
become loose in their sockets Vitamin G is 
found in potatoes, green vegetables, rai\ frmt 
and their juices — especially such fruits as the 
lemon and the orange 


Vitarmn D is a fat-soluble vitamin and is 
essential for the utilization by the body of 
calcium salts and the phosphates Deficiency 
qmckly brings about rickets This disease is 
still all too common among young children in 
Great Britain, although in the past tiventy years 
the widespread use of cod-hver oil has done 
something to dimimsh its prevalence 

HERRINGS CONTAIN ^T^AM[N D 
Apart from the deformities of the bones for 
w'hich It IS responsible — bow' legs, knock-knees 
and bony changes in the chest -walls are mani- 
festations of these — rickets has as one of its most 
serious consequences the alteration of the shape 
of the pelvic bones Narrowing of the pelvis 
results, and this, in later years, increases the 
dangers of childbirth 

Rickety children are easily attacked by 
infections of the throat and nose, they have 
poor muscular tone, and are hstless and unin- 
telligent After SIX months’ treatment with 
proper food contaimng vitamin D, they 
become vigorous and alert It has been 
estimated that an ounce of this vitamin is 
enough to give a full daily dose to one million 
growing children At the centenary exhibition 
of the British Medical Association an ounce 
cry’stal of vitamin D ivas on \iew' This and 
vitamin A are the only -vitarmns ivhich lia\e 
as yet been isolated 

In addition to cod-liver oil, milk and eggs 
are rich m \itamin D , fresh herrings and butter 
are other excellent sources In the summer 
montlis the action of the sun on the skin turns 
ergosterol, w'hich is piesent in the tissues, into 
vitarmn D Hence the importance of seeing 
that the food taken in i\ intei includes litamin D 
Vitamin E is found in tlie germ of grains 
and in most seeds, it is present also m the 
yolk of egg and in lettuce It is supposed to 
be necessary for fertility and lepioduction 

OTHER PROTECmT; FOODS 
Other protective foods contaimng calcium, 
phosphorus, iron and iodine all ha\e tlieir 
part to play in maintaining good health 
They aie to be found in fresh and dried frmts, 
eggs, milk, and tlie glandular tissues of meat 
An ordinary mixed diet usually includes them 
Different classes of -workers need different 
amounts and different kinds of foods, -while 
children of varying ages have their special 
needs The special need of a man doing hea\y 
manual labour is for plenty of heat and energj' 
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KEEPING HEALTHY IN THE ARCTIC 

Weight Jot weight, fat provides twice as much heat as staicli oi sugar It follows that in hot climates the 
consumption of fats is greatly i educed, while the Eskimos find it iiecessaiy to eat laige quantities of fat 
This they obtain mainly from the blubber of whales and other big sea animals which live in the inhospitable 

regions of the Arctic 


foods , a pregnant woman requires an abundance 
of foodstuffs containing minerals and vitamins 
Infanta should be breast-fed if possible If 
the mother has had a balanced diet during 
piegnaiicy, her milk will contain eveiy thing 
necessary for the child Cod-liver oil and 
01 inge juice, however, are usually given to the 
breast-fed baby to make good any possible 
deficiency in vitamins D and C 
Aftci si\ months, children need the addition 
ol non, since anaimia often develops at this 
stage Egg yolk will provide this The special 
needs of children betw'een the ages of one and 
five are good protein, minerals and \ntamins 
Throughout this period one and a half to two 
pints of milk should form the basis of the daily 
diet 

GROWING SCHOOL CHILDREN 
Growing school children need plenty of heat 
and entig) foods, at least one pint of milk 
daily, about foui ounces of meat or six ounces 
of fish IVholcmcal bread and butter should 


provide a large part of their dietary For older 
children a safe allowance of the three mam 
classes of foods is seventy-six grams of protein 
(including forty-two grams of first-class 
protein), three hundied and foity-mne grams 
of carbohydiatcs, and one hundied and eight 
grams of fat daily 

DIET OF ADULTS 

The diet of adults should follow the same 
general principles as that of children Luckily, 
if a man has sufficient income to buy a good 
mixed diet, he usually manages to get the 
essentials for health When no particular 
attention is paid to the subject of diet, the 
well-to-do in most cases take far too much 
protein, w'hile the very' poor, forced to live on 
the cheaper starchy foods, usually have a 
protein deficiency The poor, too, often suffer 
from a lack of protectne foods — vitamins and 
minerals — since these are mainly derived from 
flesh fruit and vegetables, which axe often 
expensive 
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Apart from the deficiency diseases which 
have been mentioned as directly due to errors 
in diet, inadequate or badly balanced nutrition 
has much to do with the contraction of such 
infectious diseases as diphtheria, measles and 
smallpox Foi the body has its resistance to 
disease in general lowered, and is left open to 
invasion by micro-organisms These enter the 
blood stream from which they derive their 
nourishment and, unless checked, multiply at 
an alarming rate 

CHECKED BY WHITE CORPUSCLES 

Normally, they are checked in their progress 
by the white corpuscles, the leucocytes, in the 
blood and by other tvandering cells fiom the 
surrounding tissues, ivhich are able to attack 
and digest them But the waste products, or 
toxins, left by the invading bactena must be 
neutralized For this purpose anti-toxins, as 
they are called, are manufactured by the blood 
This involves a very considerable expenditure 
of energy, and the temperature nses, a sign 
that the body is fighting some speafic disease 

The body has its own method, apart from 
the woik of the leucocytes, of dealing with 
bacteria Either it produces substances knot\ n 
as the anti-genes, which straightway dissolve 
the germs, or it manufactures other substances, 
the opsomns, which aid the leucocytes to digest 
the mici o-orgamsms 

If anti-genes for a speafic disease have been 
formed, the body is m most cases immune 
from this particular disease For instance, if 
a person has once had an attack of measles. 
It is unhkely that he ■will have a second attack 
he IS m a state of immumty to measles 


Immunity can also be produced by very 
slight infections of this disease or that, which 
stimulate the formation of the appropriate 
anti-genes or opsomns Everybody in Great 
Britain has probably had a mild attack at 
some time of tuberculosis The majority have 
overcome the attack because their blood has 
been able to manufacture the anti-bodies 
which make them immune 

For diseases ivhich are not common but 
which may be fatal, immumty is established 
by injection of an anti-body which has been 
manufactured artificially Perhaps the com- 
monest of such anti-bodies is obtained from 
the lymph of a pox-infected cow This is 
injected into the blood stream, and m this 
M ay the formation of the anti-body to smallpox 
is stimulated Sirmlarly, anti-bodies are manu- 
factured for cholera and so on For Europeans 
going to live in the tropics this type of inoculation 
is a loutine preventive measure 

PROFESSOR’S DARING EXPERIMENT 

The body can only build up a good resistance 
to invading germs, and thus demolish them, 
ivhen It is in a good state of nutrition Professor 
Pettenkofer of Munich drank a broth contain- 
ing a plentiful supply of cholera bactena But 
he did not contract the disease This, he 
contends, is cadence that bactena can lodge 
in the body only if it has been weakened 
beforehand 

A good environment, then, is the best pro- 
tection against micro-orgamsms It is not any 
particular germ that man need fear but rather 
a lowered vitality which enables any and 
every germ to cariv out its destructive ivork 



STANDARD FOOD OF MILLIONS 

Planting nee in the East When nee is a standard food, unpolished or brown rice has to be taken, otlienvise 

It IS apt to cause beriberi 
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THE PROBLEM OF HEREDITY 


W ALKING through r 
the streets, we see j 
clearly that while men 
and women are built 
on the same general 
plan, no two human 
beings— with the 
possible exception of 
what are known as 
identical twins — are 
alike Environmental 
influences account for 
many of the differences 
which we observe 
Thus, both the height 
and the weight of 
people born and bred 
in straitened arcum- 
stances are, taking it 
by and large, certainly 
less than those of the comfortably placed 
This can be demonstrated by taking at 
random a dozen children of a particular age 
from a school in a poor part of any big town, 
and a dozen of the same age from a typical 
public school Those who come from homes 
where the children have had good conditions — 
proper nutrition, abundance of sunlight and 
good air, and so forth — are appreciably taller 
and heavier 

Yet in grow'th there are abnormalities which, 
as the saying is, run in families There are, 
for example, several kinds of dwarfs Some 
are miniature editions of fully-grown people 
They start life abnormally small, and never 
reach a normal size There are others rvho, 
although their physical development is normal 
at the start, have their growth interrupted 
betw’een the ages of four and mne, and retain 
the proportions of a child of four years In 
still others it is only the long bones — the bones 
of the arms and the legs — w’hich stop growing 
This is the commonest kind of all dw'arfs 
In the chapter on the endocrine glands, it 
W'as seen that the pituitary gland has an 
influence upon growtli generally In all these 
types of dw'arfism there is some disfunction 
of this gland But the pituitary is not the 
only factor involved There are other pro- 
cesses which are disturbed at the onset of these 
various abnormalities To sum up grow'th 
is not a single process, but is dependent on 


such environmental 
factors as nutrition and 
the after-effects of dis- 
ease, and perhaps still 
more fundamentally 
on characters trans- 
mitted through the 
germ cells 

Environment cer- 
tainly puts its stamp 
on the hands, the feet, 
and the general gait 
of the body On a 
crowded railway plat- 
form it is fairly casv 
to tell the manual 
w'orkei with his some- 
what slow' and heavy 
walk, and to identify 
those engaged in 
sedentary work We do not need to be a 
Sherlock Holmes to put men and women 
roughly into categories as to their probable 
occupation The physical appearance, more 
often than not, tells its own story 
Some characteristics, however, are inde- 
pendent of environment These include hair 
colour (w'hen this has not been peroxidized or 
otherwase altered from its natural shade), the 
shape of the nose and the broiv, and so on 
As already noted, man is built up from a 
single fertilized ovum This cell divides and 
re-divides again and again The new cells, 
while forming one coherent whole, are never- 
theless separated into groups of cells — some 
for this function, some for that An ordinary 
cell IS a very small speck of living jelly-like 
stuff called protoplasm, containing such chemi- 
cal elements as carbon, hydrogen, oxygen and 
mtrogen, together with traces of phosphorus 
and sulphur 

The nucleus, or concentrated body m 
the cell apparently controls and governs it 
Generally a round or oval body, it contains 
everything that is necessary for life, and has 
a definite structure of its own Most important 
of all are its minute rod-hke bodies — the 
chromosomes — Avhich in man number forty- 
eight The chromosomes are the earners of 
the vanous characteristics, or genes, of the 
parents The number of the chromosomes 
differs greatly m different creatures Drosophila 



AFTER FAISTER 


CHROMOSOMES OF A HORSE 
Chromosomes are the earners of the vanous charac- 
teristics, 01 genes, of the parents 
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melamgaster, the fiuit fly — of -which more tvill 
be said later — has eight, or four pairs of chromo- 
somes, a cra-yfish has tw'O hundred, or one 
hundred pairs 

When an ordinary cell of the body, as 
distinct firom a germ cell, is about to divide 
into two, the chromosomes of the nucleus 
divide throughout their length and separate 
Thus, every neiv cell ^vlll contain the same 
number of chromosomes, and moreover chromo- 
somes of the same kind The structuie and 



AFTER VANS 


CHROMOSOMES OF GRASSHOPPER 
Tlte mmbe) of the chromosomes diffeis great h in 
diffetent cieatnies A ctavfish has two himdied 

behaviour of a germ cell is pieciseiy the same, 
except that just before the germ cells — both 
male and lemale — ^mature, they reduce the 
number of their chromosomes bv half This 
is for the veiy good reason that, ^vhen union 
takes place bet-w'een a sperm and an ovum, 
the feitihzed ovum then contains forty-eight 
chromosomes — the number which remains 
constant for man 

In order to learn something about inheritance, 
experiments \\'ith plants and with animals have 
been carried out in tvhich the envnonment has 
been kept constant From the lesults various 
la%vs have been formulated They apply to 
plants and ammals alike, and have been found 
r to hold true for man also In 1865 Johann 
Gregor Mendel, the Abbot of Brun, was able 
to give the results of his famous experiments 
on the crossing of peas When he crossed a 
giant variety wth a dwarf variety, the plants 
groivn were all tall These tails were left to 
self-fertilize — this corresponds to inbreeding in 
ammals — -with the result that tall to dwarf 
were in the ratio of 3 1 

When the dwarfs of this generation ivere 


self-fertilized, hoiv'ever, the result was all 
divarfs, and these tvere what is knoim as 
homozygous for the character Further genera- 
tions of them ^vere also d^varfs (Sex cells, it 
should be said, are known by the general term, 
of gametes, or marrying cells When fusion 
takes place, the resultant cell is spoken of as 
a zygote If both gametes bear the same 
chaiacter, e g , dwarfism — then the resultant 
cell IS said to be a homozygote If both 
gametes have different characters, e g , tallness 
and dwarfism — then the resultant cell is said 
to be a heterozygote ) But when the tails of 
the second generation were self-fertilized, the 
result was that one-third of them produced 
tails which always bred true for tails (they -were 
homozygous for tails), and two-thirds of them 
produced tails and divarfs in the ratio of 3 1 

PEST BUT USEFUL 

Some of the most successful results have been 
obtained from expenments on the fruit fly, 
Drosophila melamgaster Pest though he is 
ivhen he settles on the half-cut melon or the 
iipe bananas that tve have on the table. 
Drosophila melamgaster (and his many near 
lelations) has yet been of the greatest service 
to those scientists who are hard at work on 
the study of genetics or the la\TO of inheritance 
The success of these expenments has made 
It possible to predict the transmission of such 
diverse charactei istics as flou er colom , the coat 
colour of animals, the form of feathers and 
vanety of comb in fowls coming of a particular 
cross, and the w^altzing character — or lack of 
It — in mice Equallv, they have established 
the fact that man inhents in accordance with 
Mendel’s law such characteristics as colour- 
blindness, albinism, and brachydactyly (i e , 
a stunted condition of the hand and foot in 
w^hich fingers and toes have, in effect, only 
tw'o joints instead of three) 

RECESSIVE AND DOMINANT CHARACTERS 
To return to the fruit fly if a grey Drosophila 
is mated to a black, all the offspring are grey 
But if the offspring are mated together, twenty- 
five per cent of the second generation (spoken 
of as the second filial generation or ¥„) are 
black, while the rest are grey All the black, 
if crossed together, -wnll breed true for black, 
giving black only One-third of the rest wall 
breed true for grey The other t%vo-thirds 
\vill again give twenty-five per cent of black 
In the first crossing of the grey and the 
black, the first generation, or Fj, was all grey 
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The black character receded for the time 
being to reappear in the any factor, or 
character, nhich behaves in this nay is said 
to be recessive The other colour dominates, 
and IS then said to be a dominant character 
The grey ivas the dominant 
An example of a recessive character in man 
IS albinism The only albinos many of us are 
acquainted with are the albino rabbits or 
albino (white) mice which we kept as pets m 
our youth But most of us are lamihar ivith 
the fact that the human albino has no colour 
in the skin, the hair, or the eye If a homo- 
zygous albino is mated to a normal person, 
the children will all appear to be normal 
yet they will, in fact, be heterozygous for 
albimsm 

WHEN ALBINOS MARRY 
As society is today constructed, matings (i e , 
marriages) are not made between brother and 
sister But cousins marry So, if tno cousins 
— apparently normal, but heterozygous for 
albimsm, transmitted to them perhaps by an 
albino grandparent — have children, one quarter 
of the offspring may be albino It follows, 
then, that most albinos have apparently normal 
parents, that is to say, normal for their coloui 
factor If two albinos marry, then the off- 
spring will be all albinos, for the parents are 
homozygous for this factor 
Again to revert to the Drosophila If the 
offspring from the original mating (grey with 
black) are not inbred but crossed ivith the 
parent carrying the recessive character, i e , 
the black — then we shall have the original 
black crossed to Fj grey The results will 
give fifty per cent of heterozygous greys and 
fifty per cent of homozygous blacks This fact 
IS of importance if a dominant character such 
as polydactyly (a formation of the hand or 
foot which gives one or tivo extra fingers or 
toes) appeals in a human family A poly- 
dactylous person will transmit this character 
to about fifty per cent of his famil)^ and they 
in turn vnll hand this factor on in the same 
proportion 

EXPERIMENTS tVTTH A«CE 
Up to this point M'e have considered only 
one pair of factors taken at a time namely 
tall and dwarf, black and grey, polydactyly 
and normal, albimsm and normal colour 
But there may be a distribution of tiio or more 
such pairs of factors, e g , blue eye or broii n 
eye colour together with fair hair or dark hair 


The subject is complicated, and can best be 
explained by reference to actual experiments 
Thus, breeding experiments ha\c been carried 
out with mice is Inch had the factors for albinism 
and normal colour, and had either a isaltzing 
or a normal gait (^ValtzIng is a condition in 
which the mouse is forced to isalk and run in 
circles It IS probablv due to some disturbance 
of the inner ear ) If an albino is altzing mouse 
IS crossed isith a grey mouse isith normal gait, 
all the offspnng, the F„ arc norma! 



AFTER METE 


CHROMOSOMES OF HOUSE FLY 
The house fly has twelve, or six pairs of these 
important but minute lod-ltke bodies 

AVhen inbred, the F„ give four types in the 
following proportions 
Nine grey mice of noimal gait 
Three albino mice of normal gait 
Three grey mice of is'altzing gait 
One albino mouse of is’altzing gait 
This IS the explanation the albino isaltzer, 
being homozygous for the tiso factors, forms 
only one kind of gamete, ishich transmits both 
albinism and ss altzing The grey normal 
parent likessise forms only one kind of gamete, 
which transmits the grey colour and the 
normal ssalk, and these again are independent 
of each other In the Fj the t\so kinds of 
gametes come together in the z^'gote, and as 
grey colour and normal gait are dominant 
over albimsm and ivaltzing, these F^ ammals 
are grey and normal in their walk Thev are 
in fact heterozygous for albinism and w'altzing, 
Such an animal is therefore able to form 
four kinds of gametes, or marrving cells 
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INHERITANCE OF A SINGLE FACTOR 

The white fur of the fathei dnappears in the first genet at ion (Fi) It is not lost,but leappears in the second 

generation {Fy) 


cairying the two pairs offactois in the following 
combinations 

Giey coloui ivith normal gait 
Albinism i\ith noimal gait 
Grey coloui isith waltzing gait 
Albinism with waltzing gait 
If an F, female ivhose eggs may belong to 
any one of the fom classes is mated -with an 
F, male whose speims may also belong to any 
one of the four classes, it is obvious that sixteen 
diffeient kinds of zygotes are then possible 
This IS best shoivn by the diagiam 

In all combinations where giey and normal 
gait are present, albimsm and waltzing will 
recede Thus, the iialtzing albino is obvious 
to the eye only once in sixteen times, foi this 
is tlie double lecessive The tis'o pairs of 
factors may affect more than one piocess — 
as m this paiticular case -where hair colour 
and sense of balance are both involved — or 
the two factors together may affect a single 
process only 

MULATTO OFFSPRING 
The black colour of Negroes and the white 
coloui of Europeans are inherited by at least 
three such factors This explains why it is 
that in the cross between a w'hite and a 
negro all shades between wliite and black are 
found m the mulatto offspimg In this case 
the pure white is a triple recessive and wall 
appear only once in sixty-four times in the Fj 


generation (from the original mating of black 
wnth white) Since no woman has sixty-four 
childien, it is very raie that sucli a pure wlute 
wall turn up Ev^en if a dozen offspring came 
of such a mating, the odds against its appear- 
ance are great, m the three or four children 
that aie more probable, they are plainly very 
much greater 

DETERMINED BY MANY FACTORS 

So far as expenence goes to show, most of 
the more complicated processes of the human 
body are determined by many factors, or genes 
This makes genetical work very difficult to 
follow up in man, especially since men do 
not marry to please those w ho are inv^estigating 
the subject of inhentance, but rather to satisfy 
their own washes 

Investigations on man have been carried out 
in three different ways Pedigrees have been 
collected where there is a specific disease or 
abnormality (polydactyly, for example) in the 
family, cases of identical twans have been 
investigated, use has been made of statistics 
relating to the population generally 

If we look around among the twins of our 
acquaintance, we see that some are extremely 
alike, while other pairs show only the ordinary 
resemblances shared by members of the same 
family In the first case the fertilized ovum 
has split during the first division and has 
become two separate cells, each of which has 
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Three grey mce of tvaf tying gait 


of mltzmg gait 




? o/5tno mouse 




Three albino mice af normal gait 


INHERITANCE OF TWO INDEPENDENT FACTORS 
The combmaiion of white fur and waltzing disappears in Fi Although the two factois wete introduced bv 
the father they do not necessanly stay together, as borne out m Fa, where only one animal in sixteen shows 

the original combination 


developed into a normal embryo These tivo 
embryos have exactly the same genetical con- 
stitution In the second case, two separate 
ova were fertilized at the same time, and thus 
may have a very different genetical make-up 
A woman ivho has once given birth to twins 
IS likely to have twins again, for this propensity 
seems to be an inherited factor, although theie is 
as yet no definite and conclusive proof of this 
Investigations carried out in connection isith 
identical twins have helped to decide ivhether 
any given character is inherited or not — and 
not only any given character, but any given 
tendency or predisposition 

MICROBIC DISEASE NOT INHERITED 
For instance, no microbic disease is inhented, 
although a child may have handed doivn to 
him by either of his parents a special sus- 
ceptibility to any particular disease Thus, 
ivhile tuberculosis is not inhented, this disease 
does run in families Individual members of 
them inhent the bodily constitution ivhich is 
susceptible to the attacks of the tubercle germ 
An espeaally good environment may protect 


such subjects But ivith poor nutrition, bad 
air, and overwork, these people become easily 
infected In a great many instances they are 
of the same physical type — narrow-chested, 
fair-haired, clear skinned, with an opaque eye 
Particularly with legard to the inheritance of 
this predisposition the investigation on twins 
has been valuable Some extremely important 
information has been obtained 

COMPARING T\\TNS 

The method followed was to compare twins 
of w'hom at least one was infected by tuber- 
culosis ^Vhen identical twins were examined. 
It w'as found that in the majority of instances 
both w'ere affected Where, however, the 
tivins had each come from a separate ovum, 
often only one w'as affected As the en\ iron- 
ment in which tivins grow up is normally the 
same, it is’as naturally concluded that there 
must be an hereditary basis for this particular 
susceptibihty 

When identical twins are separated at an 
early age and have a different environment, it 
is more clearly seen what characters arc most 
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affected, and what continue in the main 
unaltered In three pairs of recorded identical 
twins, one was given better food than the other 
during childhood, in the second pair one took 
to sports and had good muscular development, 
and in the third pair one man became a 
butcher and the other a joiner In all three 
cases one of the identical twins had markedly 
better physique, though m their general 
resemblance they remained the same As to 
the mental ability of separated identical twins. 



CHROMOSOMES OF MAN 
Women have twenty-four equal pan s, while men have 
twentv-thiee equal and one unequal pair This 
unequal pair is known as the X and Y chiomosomes 

there is not yet sufficient evidence as to how 
much It IS influenced by environment and how 
much by heredity 

In the intellectual sphere a special talent 
such as musicahty may be inherited, although 
the particular form in ^vhlch this may express 
itself IS not transmitted For example, the Bachs 
— a very extensive family — inherited musicahty, 
but Johann Sebastian Bach’s capacity to play the 
organ was his oivn particular expression of it 

In the cases already discussed, it has made 
no difference whether the gene involved was 
transmitted by the father or the mother 
Thus, in crossing the grey with the black 
Drosophila, the results are the same whether 
the male is black and the female grey, or vice 
versa There is, however, another type of 
inheritance knoivn as sex-linked inheritance, 
where the result is different according to the 
sex of the parent 


Drosophila normally has red eyes But one 
particular gene transmitted causes the eye to 
be white If a ivhite-eyed female is crossed 
with a red-eyed male, all the “ sons ” are 
white-eyed, -whereas all the “ daughters ” are 
red-eyed In the F„ generation fifty per cent 
of the females have white eyes, and fifty per 
cent are led-eyed Similarly fifty per cent of 
the males are white-eyed, and fifty per cent 
red-eyed 

DETERMINATION OF SEX 
It can be demonstrated that all the males 
breed true for the character they show if 
crossed ivith homozygous females — ^homozygous 
either foi red or white But the red-eyed 
females again give both red- and white-eyed 
“ sons,” irrespective of the constitution of the 
fly to which they are mated 
When the cross is made the other way round, 
and a red-eyed female is ciossed ^vlth a white- 
eyed male, then all the offspring, both male 
and female, ^\’lll be red-eyed In the F^ 
generation all the females %wll be red-eyed, 
and fifty per cent of the males The other 
fifty pel cent of the males Nvill be \vhite-eyed 
The explanation of these extraordinary 
results can be given only when close investiga- 
tion IS made of the chromosomes Not all 
the four pans of chromosomes in Drosophila 
aie alike For one pair in the male consists 
of a long and a short chromosome 

This IS true also of mankind Women have 
twenty-four equal pairs, ^vh^le men have 
twenty-three equal and one unequal pair 
This unequal pair is referred to as the sex- 
chiomosomes, or the X and Y chromosomes 
When the sperm cells are formed, two kinds 
of speim are manufactured, one containing 
the X chromosome and the other the Y The 
sperm ^\'lth a Y chromosome, umted -with an 
ovum, ^\^ll produce a male child, furnished 
with X and Y for its sex chromosomes Thus 
the sex of the offspring is decided at the time 
of fertilization, and cannot be influenced by 
wshes or \\utchcraft 

CARRIED BY THE X CHROMOSOME 
In the first cross described above, the pair 
of factors, red and white eye, are carried by 
the X chromosome In the first cross the 
white-eyed female, crossed \vith the red-eyed 
male, gives only white-eyed males and red- 
eyed females If the factor for ^vhlte eye or 
red e) e is earned by the X chromosome, the 
female of the cross will have only one kind of 
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Red-eyed Red-eyed 

fema/e female 


White-eyed 

male 


Whde-eyed 

male 


1 j 

SEX-LINKED INHERITANCE 

The female transmits the charactei hit e-eye to all her sons, but apparent I v to none of her daughters It 
seems that in this case the father has no influence on the constitution of his sons This is so because the 

father only contributes his Y chromosome 
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gametesj namdy those ^\luch transmit ^vhlte 
eje The male of tlie cross forms tivo kinds 
of gametes, one watli the X chxomosome carr}'- 
ing tlie factoi for red 6)6, and the other \nth 
the Y chromosome Inch is devoid of any factoi 
for colour An egg feitihzed by an X-caii-^nng 
sperm wall pioduce red-eyed females niuch aie 
heteiozvgous for botli red and ivlnte and so 
iNill beai offspring wth eitlier colour factor. 
An egg feitihzed by a Y-canaang speini nail 
produce a nhite-ejed male 

KINDS OF OFFSPRING 

In tlie cross made uath the red-e\ed female 
and the -a hite-e) ed male, the female forms onlv 
gametes watli tlie factor for red e\ e The male 
foians one kind caii%ang the X chiomosome 
watli tlie factor for -white e\ej and a second 
kmd caiiMng tlie Y chiomosome de\oid of the 
colour factor An egg fertilized bv an X-caiaa. - 
ing speim foians red-eyed heteioz\gous females 
An egg feitihzed by a Y-carnang spenn will 
pi oduce 1 ed-eved males The females contmue 
to pioduce two kinds of offspiang, whereas the 
males isall breed true 

This method of transimssion is not pecuhai 
to Droiophila Foi in man we find certain 
diseases and abnoimalities handed on b\ the 
same mechamsm For example, coloui -blind- 
ness — the inabiliW to distmguish beti\een red 
and gieen — and haimophiha — the condition in 
which the blood ^\all not clot properh-v-are 
botli tiansmitted b) sex-linked inheiitance 

Let us suppose tliat a woman wath normal 
sight manaes a man ^vho is colour-bhnd All 
the children ^\all apparently be normal for 
tins factor, i e , tliey wall be able to distinguish 
between led and green The daughtei^s (who 
aie heteiozygous for colour-blindness) wall no 
matter i\ horn thev maiT)', ha\ e half then sons 
coloui -bhnd whereas the sons of the onginal 
mating wall not transmit this defect It is 
tlius handed on from a fatlier to his daughter 
who ^\aU not hei-self shoi\ the defect but who 
wall tiansmit it to lifts’- pei cent of tlie male 
grandchildien 

Again, a isoman who is heterozygous for 
coloui -blindness mas mam a man who is 
colour-blind Of the cluldien the same pio- 
poi non of tlie sons, i e , fifty per cent wall be 
colour-bhnd In addition lifts’- pei cent of tlie 
daughter's wall be homozsgous foi this defect 
The remaimng fifty pei cent of the daughters 
wall be heteiozsgous, and wall meielv ti'ansmit 
the defect 


Hamiophilia behaves in just the same iray 
as regards its transmission The disease is so 
compaiati\el> lare tliat tlieie is htde chance of 
a heterozigous isoman mamang a hemophilic 
man Theie is as yet no knowai case of a 
homozi'gous htemopluhc female, although it is 
suspected tliat she isould be unable to hve. 

Hiemophiha and colour-bhndness are earned 
bv the sex chromosomes But it does not 
follow tliat these conditions are necessanh 
transmitted together To learn more of the 
lelations between two factors earned by the 
same chromosome, it is necessary to demonstrate 
again b\ Drosophila 

It was seen tliat wlute eye is transmitted ! 
thiough the sex chromosome The same 
applies to another abnormahty irhich deforms j 
the stiaight bustles and hairs on the back ol i 
the fl\, so tliat they look as if they' had been I 
singed j 

II a nomal — ^i e a red-e% ed female with \ 
noimal bnstles — be mated witli a white-e\ed j 
singed male, all the ofispnng will apparentl\ | 
be normal In reality, all tlie females are 
heteioz\gous for tlie two genes 

If tlie Fj flies are mated together, we expect 
two kinds of males males that are normal 
like the grandmother and males that are wlute- 
e\ed and singed bnstled like the grandfather 
This is not so, however The results give, 
besides these two expected classes, two unex- 
pected kinds 1 e , w hite-ev ed, normallv -bnstled 
males, and red-ev'ed, singed-bnstled males 
The actual proportions aie forty-two per cent , 
red-eyed, normallv -bristled males, fortv-two 
pel cent white-eved, singed-bnstled males j 

eight pel cent white-eyed normally -bnstled 
males, and eight per cent led-eyed, smged- , 
bnstled males 

KNOA^TS \S C3lOSSING-O^^ER 

In tlie onginal white-eyed, singed-bnstled 
male, botli factom were carried bv tlie single 
X chromosome present As in the F^ genera- _ 
Uon wlute-eved, normallv -bnsded males and 
led-eyed, singed-bnstled males appeared these 
tw o cliaracters — ^i e , w hite ev e and smged 
bustle — must have become separated in some 
cases during the formation of tlie egg in the 
Fi female As we have seen, tlie number of 
chromosomes is reduced bv half at tlie forma- 
uon of tlie egg onlv one member of each pair 
of cliiomosomes goes mto the ovum Thus 
onlv one X chiomosome is found in anv’- one | 
egg It IS thought that shordv' before this j 


THE HUM\N MACHINE AT 'WORK 


385 



0/?p giH 
normal 
sighted 




j 


X 


hor/naf Sighted 
noman 


qS3 

Normal-sighted 

man 


X 



Of the four afn/dre^/ie tfvo 
g/rJs ore transmitters of 
CO four blindness 


ip»- A 

^rj 

One oiri a 

transmitter hke 
her mother 



XV 
One boa 
narmaf- 
s/ghted 




rCi</ ^ 

Colour-blind 
man 



Tiro bogs normal-sighted 
and mil not transmit the 
(defect 

Colour- blind 

hpparentig normal 
but iMil transmit 
defect 

(3 flormal-s/gbted 


HOW COLOUR-BLINDNESS IS INHERITED 

Calatd -blindness— the inability to disttiigitis/i between ted and gieen— is transmitted by se\-hnked mhentaiice 
All the childien will be able to distmginsli between >ed and gt ecu The daiightcis will ha\e half then sons 
colow -blind, wheteas the sons of the oiigina! mating will not tiansnnt this defect 


final reduction of the chiomosomes, the X 
chiomosomes break and e\change pai ts— those 
parts containing the Uvo genes in question 
This process is known as ciossing-over 
In our Cl OSS sixteen per cent of crossing-over 
lias taken place The two genes are said to 
be sixteen units apart from each other From 
the latest ivork done on human pedigrees it 
has been found that the genes for hiemopliilia 
and colour-blindness are at least five umts 
apart from each other on the chromosome 
Further investigation has shorvn that the 
crossing-ovei value betrveen any tivo genes is 
constant Thus in the example given — that of 
Drosophila— the value rsill ahsays be sixteen 
per cent 

imTSIBLE TO THE AHCROSCOPE 
It is too techmcal a matter to follow the 
reasoning which proves the theories adopted fay 
gf'ncticists regarding the relations betiseen 
genes and chromosomes But the gist of it is 
something as follorvs chromosomes are elastic- 
ike rods m the substance of the nucleus on 
^vhlch the genes are threaded rather as beads 
on a wre The genes are bodies so small that 
they cannot be seen singly even under the 
13 


most porveiful microscope We do not know 
whether the chromosomes consist tvholly or 
partly of genes But we knoiv that the genes are 
always present in a definite oider by the amount 
of crossing-over they show rvith each other 

FOR THE GOOD OF MANKIND 
It IS the most fundamental discovei y made in 
genetics that these genes aie umts r\hich letam 
then original properties even after liar mg been 
transmitted from one geneiation to anothei, 
quite iriespective of the company they have 
kept in their passage Inheritance has become 
a fact uhich can be dealt with scientifically 
Since It has been discovered that the genes 
behave as physical umts, geneticists hare tried 
to apply their knowledge for die benefit of 
medicine and agriculture Plant and animal 
bleeding can norr be done in a more systematic 
manner than by the old rule-of-thumb methods 
Results obtained from experiments on ammals 
can be applied for the good of mankind, and 
the comparatively nerv science of eugenics, 
tMth rrhich is linked preventu’e medicine, is 
becoming of great significance There is httle 
doubt that its importance r\ ill increase as a result 
of the intensive research norv bang earned on 
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T V\’EI1STER, RJk 

AT A DAME SCHOOL 

In eailiei days it has held that those who belonged to the pioletanat were less intelligent than those of supeiioi 
social station The mistake made has the failure to distinguish between intelligence and education the pooily 

educated heie assumed to be of low intelligence 


THE BETTERMENT OF HUMANITY 


A ll thiough tlie Middle Ages, and indeed 
up to tlie middle of the eighteenth century', 
the population of Euiope remained fairly con- 
stant, Math a slight progressive increase The 
birthiate ^vas high, but tins ivas counterbalanced 
by an equally lugh infantile mortality 
Dm mg the yeai-s of the Industnal Revolu- 
tion, M^hen industiies earned on by hand in 
homes gave place to machines and factories, 
the population of England moie than doubled 
Towaids the end of the nineteenth century 
the bnthrate suddenly diopped, and there 
M'as much concern at M'hat ^vas consideied 
to be a seiious threat to the welfare of the 
nation 

At first this fall in the number of births was 
largely restricted to the \vell-to-do, and was 
far less pronounced among the woikers, who 
weie thought to be infeiioi fiom the point 
of view of heredity Following the theones 
of Francis Galton and Charles Darwan, men 


agieed that the best stocks were to be found 
only in the upper stiata of society, and that 
members of the lattei, therefore, must be 
encouraged to bleed moie, ^vhlle tlie working 
class must be uiged to breed less 

The assumption w as that those w ho belonged 
to the proletaiiat is ere less intelligent than those 
of supeiioi social station The mistake made 
was the failuie to distmgmsh between intel- 
ligence and education the poorly educated 
W'eie assumed to be of low' intelligence In 
moie lecent years speaal tests have been 
densed to measuie the intelligence These 
measui e the educability rathei than that general 
culture by ivliich intelligence "was iwongly 
gauged in the past 

The lemaikable thing is that, no matter 
hoiv many times these tests are applied, the 
pel son tested gives much tlie same results, 
piovided that the environment — the general 
conditions and surroundings — still remains 


1 

c 

c 


cr 

Ht 

cc 

Tl 

, ^ 


lo 

^ ! 
S’- h 
t 



THE HUMAN MACHINE AT WORK 


approximately unaltered If the emnronment is 
changed, however, this no longer holds true 
The food shortage which came with the latter 
stages of the IVorld IVar provided an illustra- 
tion of this The intelligence scoie— the I Q. , 
or Intelligent Quotient, as it is called— of 
children of the upper classes whom the shortage 
affected least, did not show much vanation 
But below a certain social level, as for instance 
among manual labourers, children tvere per- 
manently injured by poor nutntion 

ENVIRONMENT AND INTELLIGENCE 
This goes to indicate that it environment 
were generally favourable, there would be a 
fairly uniform distnbution of intelligence As 
today environment vanes greatly wnth social 
circumstances, those with the best environment 
appear to have the best intelligence 
Investigations on twins show that in the 
matter of intelligence identical tivins are very 
much more alike than fiaternal twins or 
ordmaiy brothers and sisters It follows from 
this that genetical factors— those of descent 
and relationship — also are involved The vari- 
ous combinations of these factors show different 
glades of intelligence m different people, 
whatever their class 

We have already seen the complicated 
mechanism by which tw'o independent genetical 
factors such as albinism and tvaltzmg in mice 
are transmitted Only one m sixteen, it will 
be remembered, of the offspring combine the 
onginal factors, albinism and waltzing, intro- 
duced by the one parent Intelhgcnce almost 
certainly involves more than tw'o factors 
Hence the chances of a repetition of the same 
combination m the one family are very small 
This IS ivhy members of a family often show' such 
a varying degree of intelligence 

NO CLASS DISTINCriON 
To sum up the degree of intelligence 
inherited would seem to be very much the 
same for all classes Once inherited, however, 
It IS developed or retarded to a very large 
extent by environment 

There seems, then, no good ground for the 
fear that the intelligence of the nation will 
sink to a low level if the upper classes have 
fetv children and tlie low'er classes many 
There is no evidence that soaety is so con- 
stituted that those of the lower classes have 
genes inferior to those of the upper 
There is, nevertheless, a tj'pe of low intel- 
ligence to be found in individuals spread fairly 


evenly through all ranks of society, namely, 
feeble-minded ness These people are apt to 
become a burden on the rest of the com- 
mumty, since many of them are kept in special 
institutions maintained by the rates 

Feeble-mmdedness is definitely mhented, 
although the exact mode of inhcntance is 



rrscitGiTZ coitrcTios 


IN THE NINETEENTH CENTURY 
Women and boy workeis in a cotton mill at the 
beginning of the mneteenth centiay The conditions 
were bad and the iiages between two shillings and 
two shillings and sixpence a neck 

unknown It is certainly not due to the 
transmission of a single character, or gene 
For example, if both parents are feeble-minded, 
about sixty per cent of the children inherit 
this condition If one parent only has tins 
characteristic, about twenty-mne per cent of 
the children are feeble-minded 
From these facts certain conclusions can 
definitely be drawn If, hke albinism, feeble- 
mindedness v\ere a single recessive, in the case 
of both parents having the character, not 
sixty per cent only, but all the children would 
be feeble-minded Feeble-mindedness, then, is 
not a single recessive IVere one parent feeble- 
minded and the other normal, and were this 
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character a doimnant, fifty per cent of the 
children would inherit the factor But, in 
fact, only twenty-nine per cent do so Equally, 
then, feeble-mmdedness is not a single dominant 
V anous indications suggest that there are two 
recessive genes ■which must combine m order 
to produce this condition 
As those of feeble mind tend to marry theu 
ovm kind and to have more children than the 
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HA^^LTOV COLLECTION 


JOHN SEBASTIAN BACH 
7/1 the intellectual sphere a special talent such as 
musictility may be mheiited, as was evident in the 
Bach family J S Bach the most famous 

average normal family, it is often advocated 
that such persons should be sterilized, such 
sterilization consisting of a slight operation 
upon the male partner of the marriage which 
renders him incapable of propagating but leaves 
him sexually capable m all other respects 
Yet the prevention of such people from 
reproducing ivill not considerably reduce the 
number of the feeble-minded, since genes for 
this condition are fairly ividely distributed m 
normal persons, and the bringing to light of 
this feeble-mmdedness is no more than an 
unfortunate genetical combination m this or 
tliat parucular mating 
Various forms of mental defect are mhented, 
and It has been proved that the mode of 


mhentance differs according to the form An 
instance is amaurotic idiocy — a form of idiocy 
wluch appears betiveen the ages of six and 
fourteen, the sufferers from ivhich die before 
they reach the tiventies, because the fats are 
not properly assimilated by theu bodies This 
IS due to a simple recessive gene, similar to 
albinism and mhented in the same way 
UNFAVOURABLE GENES 

It IS found m commumties where there is a 
tendency to mbreed Thus it is nfe among 
peasant families m the south of Sweden and 
among Polish Jei\s, both of -which peoples 
intermarry extensively In such communities 
the probabilities are that both parents, even 
if their relationship is not so close as that of 
first cousins, isnll be heterozygous for the gene 
That is to say, these people carry the factor 
(inherited fiom one and not hoth of their 
parents) for amaurotic idiocy m their genetical 
make-up, but they themselves do not suffer 
from the disease The trouble arises, how ever, 
w'hen two such people of the same constitution 
many For in the combination the amaurotic 
idiocy IS brought out in about one quarter of 
the offspnng 

Fa\ Durable as is'ell as unfavourable genes 
may be transnutted in the same iray An 
illustration of this comes from the mountain- 
ous distncts of Cape Colony, South Africa 
Settlers in one valley are notably healthy, 
both mentally and physically, yet there has 
been much in tei breeding because of the diffi- 
culties of commumcating mth neighbours 
Settlers m another valley, -where the original 
stock -was not so sound, have degenerated in 
a marked degree, cases of cretinism and 
dwmfism being frequent Agam the explana- 
tion IS that unfavourable genes masked m the 
ancestor who had recewed them from one of 
his parents only and -who therefore suffered 
no ill-effects himself, were passed on and, 
combirang i\'ith their oivn kind time after 
time, produced the degeneracy 

MARRIAGE OF FIRST COUSINS 

Brother-and-sister umons, -which take place 
even today m some parts of tlie ivorld, do not 
necessarily result m degenerate offspnng An 
excellent illustration of this is afforded by the 
Pharaohs of Egvqit, -who maintained a high 
level of physical and mental fitness through 
many generations This is true, too, of the 
Incas — the kmg-priest class of Peru — ^who also 
w'ere brother-and-sister bred The marriage 
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EISCIICIK COLLECIIOV 

OFFSPRING OF BROTHER-AND-SISTER UNIONS 
One of the Incas, the king-pnest class of Pent, performing a religions ceieniony They were brother-and-sister 
bred, yet maintained a high le\el of ph}sical and mental fitness 


of first cousins is not necessanly objectionable, 
It depends very much ivhether the parents came 
from a sound stock or not 

THE SCIENCE OF EUGENICS 

Before medicine and surgery had reached 
their present pitch of efficiency, \\eaklmgs 
tended to die, thus leaving society to be per- 
petuated for the most part by its more vinle 
membei's Today, medical care does every- 
thing possible to see that the weak survive 
They marry and hav^e children, to iv'hom in 
some measure they hand doivn their oivn 
disabilities 

Gal ton, vhen he started to ivork out the 
ticnd of population, became alarmed at this 
state of affairs, and imtiated a movement 
whose object was the betterment of the human 
race This developed into a science wluch we 
now knmv as eugemes Eugemes seeks to apply 
our knowledge of heredity and environment in 
order to raise the standard of human material 


Galton and his followers strongly advocated 
the sterilization of all who are earners of gross 
abnormalities such as msamty, or gross physical 
defects such as lobster-claw This is a con- 
dition in which the fingers and the toes are 
so united that either there are only tw'o fingers 
or toes instead of fiv’'e, or all fiv'e arc joined 
together It is obvious that such a condition 
IS a grave handicap in industrial hfe 

INHERITED ABNORMALITY 
In order to decide if in any particular case 
It will be W'orth wffiile eugemcally to sterilize, 
It must first be clear how' the abnormality in 
question is inhented A single dormnant 
character v\hich is usually transrmtted to fifty 
per cent of the ofispnng will easily be ehrmnated 
in this vs ay m the course of a generation 
or two Lobster-claw is a case in point 
Again, there is a case for stenlization w here a 
sex-linked recessive is involved IVomen who 
do not show the character themselves may 
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transmit the gene to fifty per cent of their sons 
and to fifty per cent of their daughters ^vho, 
being heterozygous, ^\'lll behave as earners 
Haemophiha is an instance of this 

Yet inth haemophiha the case for stenhzation 
IS not qmte so clear cut For ivhere there is 
no stenhzation, the fertility of haemoplules is 
only one quarter ot that of noimal persons 
This IS cluefly because many haemophiles die 
before they reach matunty, while mth those 
v\ho survive their disabihty loivers tlieir 
fertility Thus it v\ould seem that the gene 
should disappear m a fairly short time 

Tins IS not the case From time to time m a 
small mmonty of people the gene for normal 
clottmg of blood is changed, and a gene for 
non-clotting takes its place In this way new 
cases are always an sing, hence, %\lule hccmo- 
pluha could be slightly reduced, it could not be 
stamped out by stenhzation Census figures 
relating to the disease show that the proportion 
of haemophiles m the population has remained 
at roughly the same level dunng the past 
hundred years 

A neiv spontaneous case ansing ivlucli has not 
been transmitted and ivhich is then spoken of 
as a mutation appears in about one in one 
bundled thousand gametes In this particular 
ovum or sperm anses the altered gene for 



SIR FRANCIS GALTON 
The eminent scientist who started a movement for the 
betteiment of the human race It developed into the 
science of eugenics 


non-clotting, and only the one person i\all be 
aflheted iNnth the disease, his brothers and 
sisters escaping 

In diseases i\here the mutation rate is loiver, 
stenhzation might possibly reduce the number 
of people afflicted ivith a disease transmitted 
by the same mechamsm — namely, ivhere the 
factor IS a sex-hnked recessive 

CAUSE OF MELANCHOLIA 
The case for sterilization becomes more 
difficult if the disease is caused by a single 
recessive, as in the case of amaurotic idiocy 
already mentioned There, tiso (as it seems) 
perfeedy noimal paients produce affected 
children Although the affected children them- 
selves die, two-thirds of the surviving brothers 
and sisters transmit the disease Consequendy, 
this condition of amaurotic idiocy is-iU have a 
slow' increase as time goes on 

In order to eliminate the disease, it is then 
necessaiy to sterilize all the brothers and 
sisters and possibly the first cousins also of an 
affected person Since, hoivever, some of these 
may not be carriers, and yet are mdistmgmsh- 
able from earners until they themselves have 
offspring, It is clear that good human matenal 
and all its potentialities would be is'asted 
This kind of difficulty increases if the disease 
IS caused by tis'O recessn es or by one dominant 
combined i\idi one recessne The condition 
knoira as melancholia is brought about by 
such a combination Let us suppose that one 
parent cames one of the factors concerned and 
the other parent the second Either factor by 
itself has no effect on the earner But in the 
cluldren these two genes may meet and cause 
dus ty'pe of msamty 

STAMPING OUT DEFECTS 
In this case a smaller percentage of cluldren 
vi'ill be affected dian in the case of one recessive 
(as in amaurotic idiocy), but at the same time 
more people are potential cainers, smee diey 
possess one of the genes Yet this cannot be 
detected until several children have been bom 
of the marriage of such a person and have, 
moreovei, reached die age of susceptibihty — 
w'hich for melanchoha is m the early' forties 
Once It lyas established that heredity ^\'as 
responsible for a certam number of grave 
defects, such as deaf mutism and blindness of 
more than one kmd, aU of ivluch are trans- 
mitted by a simple hereditary mechamsm, 
scientists began to hold die view' that in 
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sterilization lay the hope of stamping out such 
defects 

This hope proved to be somewhat exag- 
gerated, since abnormalities of this nature can 
be eradicated only if the mcchamsm is simple, 

1 e , if the defect is caused by a single dominant, 
or a single recessive, or by a sex-Iinked dominant, 
or sex-linked recessive Even if these were 
stamped out in this way, there are yet the new 
mutations which anse 

CRIME AND HEREDITY 
In some States of America the authonties 
have recourse to stenlization in dealing with 
habitual criminals Laws making this possible 
were passed as the result of agitation on the 
part ol those ^\ho were impressed by the fact 
that criminals often come from morally unstable 
families But since children are highly impres- 
sionable to their surroundings, and since their 
characters are formed m the first years of life, 
cnminahty may be merely the outcome of a 
bad moral environment There are, however, 
some indications that heredity also is involved 
Investigation of the twin of a cnnunal has 
shown that identical tinns have a tendency to 
commit the same kind of crime more often 
than fraternal turns But the way in tvhich 
criminality is transmitted is very far from clear 
To steal bread is an action tvluch may anse 
either from necessity or from a mental instabihty 
which leads the person to steal 
To take an extreme example of such an 
instability, Leopold and Loeb, the Chicago 
boy-murderers, sons of wealthy parents, planned 
and executed a murder for the pleasure it gave 
them Instabihty of this nature, while it may 
be cured in the person concerned, may never- 
theless be handed on to appear perhaps m 
some other form of cnminahty or delinquency 

MAIN BLOOD-GROUPS 
As yet, then, from the scientific standpomt, 
nb decisive pronouncement can be made on the 
subject ofsterihzation 

The contnbution which eugenists have to 
make to the study of racial problems is much 
more definite The population of the rvorld 
consists of five mam races, easily distinguishable 
one fiom the other— the white, the black, the 
yellow, tlie Malayan, and the Red Indian 
Though they differ in many respects, they can 
be mated successfully, and the children of such 
unions arc usually intermediate for the genes 
of their parents — such genes as colour, height, 
etc If the same kind of hvbnds, (i e , 


half-castes) marrv, very-^ varying combinations 
result — an evndence of the fact that most of the 
characters are deterrmned by a number of 
genes 

Some single genes, nevertheless, can be 
isolated Of these, one is ocanthus, which 
gives the slit-hke formation to the Mongolian 
eyes This is a single dominant, consequently, 
a normal white married to a Mongol will hav’C 
children all heterozygous for this character, and 
they wall all have the slit-hke eye They in 
turn wall transmit the character to fifty per 
cent of their offspnng, provided the other 
parent is a member of tlie white race There 



The employment of Homen and girls m mines nas 
prohibited m 1842, and no boy tmder the age of ten 
nas allowed to nork iindeigioimd Here a noman 
IS being helped by a child along a nanow shaft 

was a certain amount of intermarrying between 
the w'hites and the Mongolians during the early 
Middle Ages This is why' we not infrequently 
find whites wath this tyqie of eye 
There are a number of characters which are 
more often found in one race than in another 
Among these are the much-debated blood- 
groups The discovery of these was made 
accidentally IVhile transfusion of blood from 
one person to another w as m some cases bene- 
ficial, m other cases it brought about the 
sudden death of the person receiving tl c 
transfusion Analv'sis indicated that ’ . 

were four different mam blood-groups, . 
convemence labelled A, B, AB, and O I 
blood-cells of group A were added to the ser' • 
of group B, instead of being evenly distnbuts. 
all the cells formed clots This happened als 
when the process was rcv'crsed The sam 
clotting occurred when serum from groups '' 
or B were added to the cells of group 
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Yet if serum of groups A or B were added 
to the cells of group C3, this clotting did not 
occur To be successful, therefore, a trans- 
fusion can only be given ivhen a test has been 
made of the donor as -well as of the receiver A 
list is kept by hospitals of people •who belong 
to the blood-group O, since transfusions can be 
made from them to any other group To sum 
up, blood from gioup A can be given only to 
group A, B only to B, and O, ivhile it can be 
gi\en to AB, can also be given to the other 
groups 

IMPROVEMENTS IN THE RACE 

Although all the blood-groups are present in 
the five mam races, group B is found more often 
than the other groups among Mongohans In 
fact, the farther east one goes the more people 
there are in blood-group B Group O is found 
to be the only group in some tabes of South 
Amencans In England the two most common 
groups are A and O B is somewhat rarer, and 
AB the rarest of all 

These blood-groups are inherited m such a 
^vayf that A and B aie dominant over O 
"Where patermty is in question, one man may' 
often be excluded by means of a blood test 
If the men involved belong to the same blood- 
group, this method is valueless for piuposes of 
elimination 

There has been much discussion as to the 
desirabihty of mating between members of the 
diffeient races It seems clear — at least from 
the physical point of \aeiv — that there is little 
objection except in a feiv particular respects 
Thus, eacli race is specially adapted to the 
emnronment of that part of tlie -world ^\hlch it 
inhabits Europeans, for example, have built 
up a good natural resistance to tuberculosis, a 
disease common m temperate climates But 
they' have not built up a resistance to y'eUow 
feter The "West African negroes who ha\e 
acqmred tlus resistance are very susceptible to 
the tubercle germ is'hen they \'isit Great Bntain 

It IS interesting to note hoiv such a resistance 
comes about This is best illustrated by taking 
an example from agriculture If a resistance 
against smudge, or rust, in cereals is required, 
a great number of plants are infected ^\'lth the 
disease, and those tvhich surinve are selected for 
crossing In the next generation the procedure 
IS repeated and again the survivors are crossed 
By' this method a combination of genes is 
amved at -u Inch ensures immumty to the 
disease in question 


In this iv'ay each commumty, left to itself, 
bmlds up its best resistance Among the 
European nations the Jeivs, mainly h\'mg 
in ghettos, have constantly had a slum 
en-vironment Today, their resistance against 
tuberculosis is higher than that of the rest of 
the commumty 

These resistances are usually determmed by 
a number of genes Race-crossing tends to 
break up the favourable combination of genes, 
and thus the offspring are left -wathout defences 
of this nature '\\Tiat race-crossmg involves 
genetically from the mental point of -view is as 
y'et quite unknoism 

The differences betiveen the mam groups of 
mankind are very difficult to define, and though 
i\e can easily' tell a negro from a -white, science 
has yet not been able to deteimine exactly 
what the consequences of such a cross are 
Fiom this it must foUoiv how impossible it is 
to judge the desirability', from a raaal stand- 
point, of crosses say bet-ween Italians and 
Enghshmen, of Englishmen and Jei\'s ’INTien- 
evei a judgment on tlie infenority of the 
hybnd betiseen two human races is passed, 
one has to ask each time Has this indmdual 
had tlie same chances as Ins parents^ Because 
if a mulatto, for instance, is regarded as an 
outlaiv by' his comiades, he has to encounter 
more difficulties to earn lus h\'ing, and may' 
easily develop into an undesirable character 
through discontent 

"Wfiiatevcr the race, improvement isill be 
brought about by' encouraging its good stocks, 
(i e , those wath no known defects) to have fairly 
large famihes E\en to maintain the present 
level of population, it is necessary' that every 
family should average between tliree and fom 
children 

“LORD OF CREATION” 

Sound stocks of plants and animals ha^ e been 
bmit up by' the apphcation of genetics and by a 
favourable emaronment Perhaps the day' is 
not far distant ^\'hen these principles ivaU be 
more actively' applied to human beings A 
start at least has been made on the en-vironment 
side in tlie field of preventive medicme "WTien 
by tins means the stock has become more 
healthy both mentally' and phvsicallv, there 
mil then be good opportumty' to better the 
1 ace by careful selection of prospective parents 
The time may' y'et arrive ivhen the old phrase 
•which descnbes man as ‘'lord of creation” 
may have a nei\ and saentific significance 
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‘ SUNLIGHT IS THE GREATEST PREVENTIVE OF DISEASE ” 

So says Sir Biiice Potter, and these little people are basking in artificial sunlight By using a combination of 
lamps It IS possible to make use of any of the rays of sunlight in any desired proportion 


THE CONQUEST 

I N Erewhon, Samuel Butler depicted a com- 
munity m •which illness was treated as a 
crime and the sick sentenced to terms of 
imprisonment The conception is satinc, but 
the satire has a sting of truth in it We do not 
yet try a man for having a boil upon his neck, 
find him guilty of rheumatism, or give him 
twenty-eight days ivithout the option for 
contracting a cold But we do increasingly 
realize that Pubhc Enemy No 1 is ill-health, 
that the depredations made by sickness upon 
botli the private and the pubhc purse are many 
times greater in a single year than those of 
burglars and thieves in a generation, and that, 
whether or no the love of money is the root of 
all evil, health is most certainly' the seed of the 
greatest national and indn'idual good 
^\ hilc the old fatalistic attitude that sickness 
IE the ivall of God has long since been abandoned, 
saence endorses most emphatically the behef 
13 * 


OF ILL-HEALTH 

that disease is the pumshment of sm — if by sin 
IS understood that social sin w'hich takes the 
form of bad housing, bad drains, poor nutrition 
and lack of adequate fresh air and sunlight 

The cost of ill-health to the nation is stagger- 
ingly high In recent years the reports of the 
Chief Medical Officer of the Ministry of Health 
show that annually among the insured orkers 
ol the United Kingdom alone some tiventy-six 
milhon -weeks’ w'ork (half a million years) is 
lost through sickness Even this huge figure — 
the equivalent of the loss of a year’s work of 
five hundred thousand people — does not include 
loss due to sickness for which sickness or 
disablement benefit is not pay able Assuming 
the average -wages of the half-million to be as 
low as S,2 per -week, the direct loss in -w ages to 
registered ^vorkers amounts to j()50,000,000 
annually 

Ill-health is not restneted to any one class 
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The loss in earnings to those outside the scope 
of National Health Ir^urance is probably 
underestimated ^vhen it is given as another 
;^50 j 0005000 each year Then there is the 
expense involved in the care of the sick during 
the period of their incapacity Some fifty 
thousand doctors practise m Great Britain, 
many thousands of chemists and pharmaasts 
prepare the medicines these physicians prescribe 
The voluntary hospitals alone spend some 
5^10,000,000 yearly In shoit, a conseix'ative 
estimate of the annual expense entailed in the 
care of the sick is ,^100,000,000 There needs 
to be added the huge sum spent on patent 
medicines More or less woi thless as many of 
these are, it is calculated that no less than 
5^150,000,000 annually goes to purchasing 
them 

APPALLING COST OF ILLNESS 
Ill-health, then, costs Great Britain some 
5^350,000,000 each year It is reckoned that 
tivo-tliiids of this sickness is preventable 

So far, so — bad But there is a bnghtei side 

to the medal In a score of different fields. 


botli nationally and locally, measures are bemg 
taken first to discover the conditions which 
affect the health of the individual adversely 
and, secondly, to remedy them, or at least to 
modify them so that the effect on health is less 
harmful 

INDUSTRIAL DISE.4SES 
In mdustry preventive measures have been 
■widely apphed They include the prevention 
of accidents Beginmng isnth that of 1897, a 
number of ^Vorkmen’s Compensation Acts have 
been passed All these are based upon the 
excellent pnnciple that the cost of mjury must 
be boine by the industry concerned, thus 
making it to the financial advantage of an 
employer to i educe accidents to a minimum 
As a consequence, safety dences have been 
installed m works and factories, and regulations 
enforced to prevent ^vorkers from takmg risks 
Certain occupations, oivang to the nature of 
the goods handled or the processes used, give 
nse to diseases — industnal diseases, as they are 
called — ^which often end in death or disable- 
ment Throughout this country, aided by 
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FIGHTING DISEASE BY ARTIFICIAL FEVER 
One of the greatest advances of medical science is the introduction of electro-therapeutic apparatus ishicli 
aitificially pioduces in a patient fever teinpei atiii es such as are experienced in disease The treatment is 
applied to iheumatic conditions and cardiac and nervous disoiders 
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FOR THE ADMINISTRATION OF OXYGEN 

An oxygen tent vi which the gas is given to a patient in danger of suffocation or who for some other reason 
leqinres an aid to breathing Before the invention of this \aliiable apparatus it iras usual to administer the gas 
by means of a mask The supply is obtained from the cylinder on the right 


“ doffers ” Avho remove the spun linen from the 
frames 

Baker’s itch is, of all occupational eczemas, 
perhaps the most difficult to cure Small 
blisters break out on the hands and arms of 
those ivho mix the dough, later, these blisters 
suppurate and spread the infection 
ONLY INJURIOUS IF ^VET 
Men affected are often compelled to stop 
away from work for six months and more, 
while there is frequently a recurrence of the 
malady Medical research has gone to show 
that none of the ingredients used in baking 
bread and in makmg confectionery are injurious 
to the skin when applied dry, but that a number 
of them cause skin trouble if wet 
The Bakehouses Welfare Order of 1927 was 
draivn up with this particularly in mind 
Among other things, it compels employers to 
provide the necessary washing facilities so that 


workers may remove all dough and sugar from 
the skm before leaving work, and insists on 
immediate medical treatment on the first sign 
of the outbreak of skin trouble 
T o turn from skin diseases to metafile poisomng 
Lead, made use of m ivell over one hundred 
different trades, is of all metals employed 
in industry the most dangerous to the health of 
the worker Lead poisoning, or plumbism, is 
hable to attack plumbers and painters (both 
house and ship), operatives m white lead 
factories, ivorkers using lead glazes in the 
manufacture of china and earthems'are, file 
cutters and enamellers — but not lead miners 
LESSENING THE RISKS 
The pnncipal symptoms of plumbism include 
anjemia — caused by a reduction of the number 
of red blood cells and a consequent deficiency 
m hemoglobin — abdominal pain, sickness and 
defective vision Dropped \vnst, due to 
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CARAVANNING DENTIST PAYS A VISIT 

A fully-equipped dental caravan winch wsits scoies of schools conti oiled by the education committee of one 
of England's laigest counties The staff comprises a dentist and a nurse Defective teeth are a contributing 
cause of ill-health, uliich costs Great Britain some £350,000,000 a year 


paralysis of the muscles of hand and ivnst, is 
one of the ^vorst features of the disease 
The Lead Paint Act of 1926 forbids the use 
of lead compound except as paste or paint, 
and prohibits the rubbing off of old paint mth 
pumice stone, directing that, for this, one of the 
“ wet ” methods of removal shall be substituted 
Paint spraying is made illegal in the intenor of 
buildings Employers are compelled to provide 
IS ashing facilities, and to arrange for the regular 
medieal examination of ivorkers, who must be 
suspended if found suffenng from poisomng 
Further, the employment of women or young 
persons m lead painting is forbidden In most 
factones where lead processes are employed, 
ssorkers lessen the nsks by ss'earing tight-fitting 
overalls, making use of masks ss^hen the air is 
dust-filled, and by taking hot batlis and 
changing their clothes before leaving w'ork 
As the result of these vanous measures, plumb- 
ism has very greatly decreased m the last thirty 
years 

INHALING FLINT DUST 
In the potteries, w hile there is some plumbism 
among lead-glaze workers, far more sickness is 
caused by the inhalation of fine particles of 
flint, this renders the soft tissues of the lungs 
hard and melastic ^^^lere this condition. 


knoisTi as silicosis, is present, tuberculosis can 
much more readily gam a footing Now that 
radiographic examinations have made clear the 
nature of the disease, practical measures have 
been adopted to prevent it Factory furniture 
is made, ^vhen possible, of matenal impemous 
to dust, and the -walls and floors of ^\ orkrooms 
are frequendy w'ashed 

ATFECrnsG TEXTILE WORKERS 
Respiratory diseases brought about by dust 
affect textile woikers also When cotton bales 
arrive at a factory', they contain considerable 
quantities of dust If the bales are opened by 
hand, the air becomes thick and the workers’ 
breatlung is affected Irritation of the mucous 
membrane is set up, and the lung tissue 
impaired But today this unpacking by hand 
has been superseded to a large extent Mechan- 
ical bale breakers aie employed rshich, 
furmshed i\ath exhausts, keep the air reasonably 
clear Dust causes trouble m cotton carding 
rooms also, although this is not of a respiratory 
nature Boxes set beneath the carding machines 
to collect dust shaken out during the process 
are emptied and cleaned by the operatnes 
These \\ orkers often de\ elop asthma 
A much more senous lUness following upon 
inhalation of dust is anthrax or w'ool-sorters’ 
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disease Tins dust harbours a rod-shaped 
germ, the Bacillus anthracis Within a few hours 
of infection a disease resembling a ^arulent t^^pe 
of pneumoma develops, and death frequently 
takes place in less than a day 

In the past the main source of the disease ivas 
infected ivools imported from Asia and Asia 
hlinor The Gkivemment established a dis- 
infecting station at Liverpool for foreign wools 



ELUOIT AOT FRV 


MADE OPERATIONS SAFER 
Laid Lister (1827-1912), who introduced antiseptic 
conditions into the technique of surgery Previous to 
his discoveiy most of the inajoi operations ended in 
the death of the patient 

Tills has proved a most successful pieventive 
measme, foi no knoivn case of anthrax has 
folloived the handling of ivool dealt i\ath by tius 
station Anthrax, usually of a nulder nature, 
IS fiom time to time developed by ivoikers in 
the hide, skin and fur trades, and by employees 
in factories manufacturing hair and shaving 
brushes 

And so the long catalogue of mdustiial 
diseases goes on It is impossible to describe 
them all In dealing i\ath some of tliem 
preventive measures have had notable success 
Thus, that form of gangrene knoira as “ phossy 
jaiv ” once prevalent among match-factory 
■workers ivho used ivlute phosphorus has now 
disappeared owing to the substitution of 
sesqmsulphide of phosphorus foUowmg upon 
the law passed m 1910 


Where no such simple solution has been 
possible, improvement of general conditions 
has done much Underground workers, for 
example, suffer from both fumes and dust 
The better the ventilation, the less the suffering 
Hence, electric suction fans have been installed 
in mines and respiiatoiy diseases have decreased 
among rmners in consequence In 1937 the 
Trades Umon Congress, m tlie mterests of the 
workers it lepiesents, established its oim 
Scientific Ad'visory Council to obtain help and 
advice fiom leading saentists on probl ems of 
workers’ ivelfare 

RHEUMATISM IN CHILDREN 

In England there are two diseases — rheuma- 
tism and tuberculosis — ^which, unlike the special 
occupational maladies, affect practically every 
section of the commumty, and research to 
discover preventive measures apphcable to 
tliese has accoidingly been intensified 

Rlieumatism is a constitutional disease, since 
the predisposition is strongly heieditary’- For 
its successful pievention, therefore, the children 
coming of rheumatic stocks must be kept under 
observ'ation, preferably from the age of two 
onwaids 

The rheumatic child is easy to detect He 
IS usually highly nervous, his temperature is 
often abnoimal His skin, i\luch is frequently 
too diy, IS unable to adapt itself to changes in 
tempera tme and humidity Among research 
workers on iheumatism many hold the -view' 
tliat the children most hable to develop 
rheumatism are those "who ha\e some thtyoid 
disfunction As yet, there is not sufficient 
proof, hoivever, that the tivo are hnked. 

» GRO^MNG PAINS ” 

“ Groisnng pains,” wluch m the days of our 
grandmotliers i\ere dismissed as natural m all 
cluldren, are the first icarmng signs tliat 
iheumatism has begun to attack a clnld 
Since about eighty per cent of cluldren ivho 
develop rheumatism develop heart disease m 
addition, these ^varnmg pains cannot be dis- 
regarded Once rheumatic heart has been 
contracted, the sufferer is under a severe 
handicap for the i est of his days It is for this 
reason that in rheumatic fever patients are kept 
lying flat in bed for at least six iveeks, and after 
their convalescence protective measures are 
advised 

Children "wath a tendency to rheumatism 
should, above all otliers, have a well-balanced 
diet watli a particularly hberal supply of 
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vitamins and minerals In wnter such a diet 
IS especially important, for it is at this season 
in the year that the calcium in the blood and 
the iodine in the thyroid gland are at their 
lowest Without exception, growing children 
need a good supply of calcium, ivith rheumatic 
children the need is doubled 

HARDENED TO THE CLIMATE 
From early childhood the children of rheu- 
matic parents in Great Bntain should be 
gradually hardened to the very varying climate 
After their warm baths they should become 
accustomed to cold spraying to tone up the 
skin, followed by vigorous rubbing with a rough 
towel Their clothing should be warm and 
light, allois'ing the air to circulate freely 
Damp clothes — damp shoes in particular — 
and damp rooms must be avoided Cold dry 
air IS good for these children, and they should 
be encouraged to move about briskly whenever 
they are out of doors Rheumatic children arc 
especially liable to sore throats and colds, to a 
large extent, these can be warded off if ivindows 
are kept open and damp is avoided 
“ Growing pains ” usually occur m the 
muscles The muscles, then, must be exei- 
cised m order to burn up excess fuel taken m as 
starchy and sugar)' loods But it must be kept 
m mind that rheumatic children become 
fatigued more quickly than then more solidly 
built brothers and sisters They usually have 
quick brains and are easily excited Accoid- 
ingly fatigue, both mental and physical, must 
be guarded against 

HEART DISEASE PREVENTED 
St Vitus’s dance, one of the forms which 
rheumatism takes, is all too common among 
poor children w’ho, having a loivered resistance 
to begin with, often do not get sufficient rest 
All children with “ grow'ing pains ” should be 
put to bed and kept there under the supemsion 
of a doctor If this is done, heart disease will 
often be prevented, or its progress checked 
IVhen rheumatism has been contacted, it is 
essential that it should be kept under control 
For once having developed, it recurs — or is 
prone to recur— not once but many times 
throughout life More than half the cnpples 
w'c see today owe their disability to rheumatic 
afflictions w Inch w’ould have been avoided had 
measures been taken against the rheumatism m 
Its earliest stages 

It is this early control which preventive 
mediane seeks to secure over iheumatism today 


Much has already been done The Red Gross, 
for example, has estabhshed a special rcseaich 
department for rheumatism A gieat number 
of treatments have been devised The\ vary 
from the application of heat by high-frequency 
currents useful m relieving pain in muscular 
rheumatism to the vaccine treatment sometimes 
given in cases of osteo-arthntis 
Hot-air baths, mineral baths and Turkish 



FOX 


TRACKED SOURCE OF MALARIA 
Sir Ronald Ross (1857-1932), who discoieted that 
the malaiia paiasite was cornered to man by the 
Anopheles mosquito 

baths have all been found to have ralue 
according to the form taken by the disease 
Numerous drugs, plasters and poultices have 
been experimented with, and useful discov'cnes 
made especially in regard to iodine and its 
beneficial effects Massage courses have been 
perfected, and the effect of artificial sunlight 
and regulated sun-bathing mvestigatcd 
At Peto Place, London, is the Red Cross 
Climc, where all these and many other treat- 
ments are carried out for the alleviation and 
cure of the \ anous forms of rheumatism Not 
only at Peto Place, but m most towns of any 
size, there is a clinic, usualK attached to the 
hospital, where treatment is available for a 
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small sum or for nothing in necessitous cases 
In most of these dimes massage, infra-red rays 
and ultra-violet rays are given For those rvho 
can afford it, the natural ivaters of such spas 
as Bath, Buxton and Harrogate are frequently 
found to be beneficial in treating rheumatic 
affections 

It is estimated that in England the enormous 
sum of ^£25,000,000 annually is spent on 



HOW THE MOSQUITO INFECTS 
77/e tragic cycle of infection, which has now \ery 
largely been bi ought under control 


preventive and remedial measures designed to 
combat the scourge of rheumatism 

The national drive against tuberculosis has 
been still moie vigorous and sustained No 
other disease so ivdl illustrates the value of 
preventive medicine Thus, in the decade 
1881-90, almost seven hundred thousand of the 
five rrulhon deaths in England and IVales ivere 
due to the vaiious tubercular diseases In 
the penod 1921-30, ivith deaths still number- 
mg roughly five millions, mortality caused by 
the tubercle bacillus had been reduced to 
four hundred thousand Even so, tuberculosis 
remains the most serious of all the respiratory 
diseases 

The disease itself is not inlierited, but a 
constitutional predisposition to it almost cer- 
tainly IS Given a favourable emnronment — 
fresh air and sunlight, good food and freedom 
from overstrain, both physical and mental — 
even those i\ath an mhented tendency need 
never contract tuberculosis Gonv^ersely, a bad 


environment often leaves those vnth no such 
transmitted tendency vulnerable to attack by 
the germ 

The mam sources of tuberculous infection 
are the dried sputum of consumptives and the 
milk of infected cows From such milk comes 
the tuberculosis to which children are especially 
prone and ^vhlch takes the form of glandular 
swelhngs and of diseased bones and joints 
The pulmonary, or lung, type of tuberculosis 
usually ongmates from dried expectoration, 
m winch the tubercle baaUus, a rod-liLe 
orgamsm, lurks The germ can survive for a 
long time in the dust, and hence dust is at all 
times a potential source of infection 

SYMPTOMS OF TUBERCULOSIS 
Early symptoms of the disease — a cough that 
persists after a cold, a slight nse m temperature 
at mght, and a general sense of iveanness — 
should on no account be disregarded To 
delay seeking medical adwee is folly 
Today tuberculosis is a notifiable disease, and 
ever^' county has its Tuberculosis Officer uho 
arranges sanatonum treatment for sufferers 
from this disease At the sanatorium the 
patient’s resistance is built up The lung tissue 
gradually heals Modern treatment includes 
the performance of i\ ork smted to the strength 
of the patient ^Vhen he is capable of doing a 
normal day’s labour i\ath no return of unfavour- 
able symptoms, he is discharged 
Unfortunately, at present our preventne 
measures do not go far enough For too often 
wath the patient’s return to bad emaronment 
both m the home and at ivork, the germ 
reappears after a time, when a further wsit to 
tlie sanatonum becomes necessarj’’ 

UNDER SHELTERED CONDITIONS 
In England there is one notable exception to 
this A sociological experiment m the treat- 
ment of tuberculosis has been earned out at 
Papivorth, m Gambndgeslure At this colony 
patients receive the most up-to-date treatment 
When they are cured they are gi\ en employment 
m the village, \vhich has its owm self-supporting 
mdustnes Although they then live an ordmarj'’ 
life ivith tlieir families, they yet have sheltered 
conditions This makes further attacks of the 
disease unlikely Such people, however, iwth 
their impaired lungs ivould break doum mucli 
more easily in the hustle and bustle of normal 
life 

This expenment has the great advantage of 
protecting not only the mdmdual himself but 
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also the community outside the settlement It 
IS to be hoped that in the future such colomes 
as Papworth tvill be much more common, and 
that m time tuberculosis will be as rare as 
typhoid 

ENEMY OF BACTERIA 

Today the spread of tuberculosis through 
infected milk is very much less than formerly 
This is in part the result of more hygiemc 
methods of dairy-farming and of the pasteunza 
tion of milk Latterly, positive measures have 
been adopted to eradicate tuberculosis from 
cows When scientific principles of nutrition 
are applied and cows are given food ivith a 
lugh vitamin content, especially during wntcr, 
herds can be built up which are completely 
free from tuberculosis 

Perhaps the greatest hope of further limiting 
this disease lies in the co-operation of the public 
m observing the rules of general hygiene and in 
building up the resistance of their families by 
secunng for them as good an environment as 
possible Both the State and the local authon- 
lies must do their part in improving housing 
conditions and providing large towms wth 
adequate parks and other open spaces 

Bactenology, the study of micro-organisms 
and their destructive ivork on the human body, 
IS one of the most efficient iveapons of which 
preventive medicine makes use in its war on 
disease Bactena thnve best at blood heat, 
ivhile exposure to a lugh temperature kills most 
of them No known bacteria can \sithstand 
the application of steam under pressure For 
this reason disinfecting stations use this method 
in deahng wnth infected clothing, and so on 
MOSQUITO’S DEADLY MENACE 

Bactenal disease is usually spread by the 
inhaling of bacilh or their spores, as in tuber- 
culosis, by the sivalloiving of microbes in food or 
drink, ivhen intestinal infection results as in 
typhoid, and by inoculation as the result of a 
bite from some insect, such as the female 
anopheles mosquito tihicli causes malana 
I\'ith those who have a good natural resistance, 
any of these orgamsms may invade the body, 
but no great harm result 

There are a number of diseases — smallpox is 
an example — which are thought to be ol 
microbic origin, but the specific germ has not 
yet been identified In still other diseases such 
as hydrophobia and cancer, the actual cause is 
as >et undiscot ered, but it is thought to be 
w'hat IS know'n as a filterable varus The 


organisms cannot be seen under a microscope, 
but can yet be passed through a porcelain filter 
Thus, the varus obtained from an infected 
animal can be injected into other animals of 
the same species w hich v\all reproduce the disease 
Since the discovery in 1897 by Sir Ronald 
Ross that the malana paiasitc is convened to 
man by the mosquito, malaria has v erv' largely 
been brought under control Before this dis- 



DRITI^H MLSELM (SATLRAL IlIbIOR\) 

SPREADER OF PLAGUE 
The 1 at flea, ii luch set \es as a carnet and nniltiplier 
of the germs of bubonic plague (inset) It is belie\ed 
that this noisome insect i\as the prune cause of the 
Gi eat Plague of London 

covery tens of thousands of people m the 
mosquito-mfestcd lands died ever}' year The 
measures taken to prevent malaria include the 
drainage of large areas of marshv ground whci 
mosqmtoes breed, the protection of people " 
night by mosquito netting about the'r beds, 
and the taking of about fiv'e giains of q 
daily by those living m a malanous distnct 
It IS not only in tropical countnes that ■ 
anopheles mosquito is found, although it ’ 
normally m these warm moist climates tha 
ou*^breaks of malana occur Anopheles is b, 
no means unknown in swampy parts of Grea 
Bntain 

In recent years there has been a great dei 
m tj'phoid fev'cr This is due in part to clf ^ < 
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supplies of milkj ^\ater and food, and in part 
to better sanitation ^\Tien tlie tx'phoid bacillus 
enters the bod\j the spleen becomes enlarged 
and there is ulceration of tlie small mtestme 
Strict cle anlin ess and disinfection of the clothmg 
of patients prevents the fever from spreading 
TTie more common infectious illnesses, such 



RISCHGITZ COLIUCTION 


SQUALOR AMIDST WEALTH 
Slum conditions in London in the middle of the 
nineteenth ceiitiir) A unique photograph taken 
about 1S6S 

as diphthena and scarlet fe\er, are today ver>' 
largely pre\ ented by injection of the appropriate 
anti-toxm It is no longer tlie practice to wait 
for diphtheria to attack children, and then to 
isolate them, as ^\as the metliod in tlie past 
Instead, tliev are gi\en acti\e protection as a 
matter of routme 

"WTiat IS knoira as the Schick test has been 
de\nsed This test is made b\ the injection of a 
\eiy' small quantiW of the diphthena poison 
mto die skin If a red patch appears roimd 
the area the child is said to be Schick-positive, 


and IS hkely to contract diphtheria, and can be 
rendered immune Those i\ho do not react to 
the test by developmg a red patch on the si in 
are unlikely to contract diphthena, should an 
epidemic occur 

Measles, once thought to be a veiy”^ tn\aal 
illness, IS noi\ regarded much more senously 
largely because of the comphcanons, such as 
impaired \Tsion and \ianous ear troubles, i\hich 
may result In manv cases an mjection taken 
from the blood of an mfected person is gi\en, 
which affords immunity 

AFTER-EFFECTS OF ESELUENZA 
The infectious illness ivhich recurs most 
regularly m England is mfluenza It w-as at 
one time diought that a certain bacillus dis- 
co\ered by Pfeiffer was responsible for the 
disease After much research the \aew is now 
held that no germ m particular causes influenza, 
but diat a filter-passmg \arus begins the trouble 
and that streptococci and pneumococa, which 
are alw a%’s present in the nose and throat, carry' 
on the disease 

Apart from the fact that it is a disagreeable 
illness m itself, influenza may lea\e heart 
disease, hile most people ha\ e expenenced the 
weakness and depression is Inch are common 
after-effects Pre\enti\e metliods mclude rais- 
ing the bodv s resistance, a\ oiding ill-\ enblated 
o\eraowded rooms, and the injection of small 
doses of mccme prepared fi om a mixture of the 
bacteria taken from infected persons This 
anti-influenza x'accme as xet has not been 
extensu elv used, but is thought to be of 
considerable \ alue 

In tlie field of preventiie medicme cancer 
researcli has a \ ery' pronunent place — and \ ery' 
nghdy so, since m England and ^\ales almost 
sixty' tliousand people die of this disease e\ery' 
y'ear Tlus it must be fia.nkI^ adrmtted, is an 
appalling toll 

DISEASE OF CTVTLIZATION 
The real nature of cancer has not yet been 
disco\ ered, altliough some adi ance towards 
arresting this disease of aiahzation — ^it is 
unknown m sai-age commimities — ^has been 
made It has been found that cancer cells 
belia\ e differendy from odier cells, in diat they 
are moie independent of oxygen 

Cancer cells groiv at a tremendous rate 
They' eat into die surroundmg tissue and are 
able to spread into odier parts of die body, 
destroimg the normal tissues mraded by them 
Radium, X-rays, and die colloidal lead 
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PIONEER OF A NOBLE PROFESSION 

Florence Nightingale (1820-1910) revolutionized the nutsing of the sick By pionipt and hygienic methods 
she leduced the death-rate of wounded soldiers in the Crimean fVai from forty pei cent to two pet tent She 
devoted het life to laising the status of the noble profession she so ably represented, and iioj awarded the 
Order of Met it Florence Nightingale nos the first woman to lecene this honour 


treatment devised by Professor Blair Bell are used 
curativcly, although most workers on cancer are 
agreed that removal of tumours by surgery at 
an early stage is essential if a recurrence of their 
groi\ th IS to be avoided 

PUBLIC HEALTH SERVICES 

Although the intensive research made possible 
by the Cancer Research Fund and the actinties 
of the Bntish Empire Cancer Campaign have 
not yet determined the essential character of 
cancer, it has established that the disease attacks 
only damaged and poisoned organs, and that 
chrome irritation is frequently a contributory 
cause 

It folloiN’s tliat if men and women as indi- 
viduals ivould keep the blood stream pure by a 
simple diet and a healthy mode of life, die 
tissues of the body would remain isholesome, 
and cancer — particularly cancer of the digestixc 
tract — \sould greatly decrease 


The public health serwees arc essentially 
concerned with preventive medicine and wnth 
the vanous problems iniolved in checking 
infection Thus there are isolation hospitals 
for infectious disease, bacteriological and chemi- 
cal laboratoncs for each county or large area, 
where examinations and tests are performed in 
all cases of doubt , a maternity and child is clfarc 
service, a tuberculosis service, a school medical 
and dental service, and a venereal disease 
semce The supervision of food and isatei 
supplies, housing and sanitation also come 
inthin the sphere of the public healtl 
authonbes 

EXPECTATION OF LITE 
It IS to these semces that much of the crcdi 
for the advance in public health must be put 
Hoiv real that adiance is can be judged fron 
Uso simple facts In Great Britain in th 
decade 1871-80 the expectation of life z 
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birth ^vas forty-one years for a boy and forty-four 
years for a girl Today, the conesponding 
figures are fifty-six for a boy and sixty for a giil 
In brief, 'sntlun tvro geneiations there has been 
over fifteen years’ increase in the expectation of 
life at birth 

There is less reason for complacency over the 
maternal mortality rate, \vluch lemains far too 
high It has been found that a laige proporbon 



NOBEL PRIZE WINNER 
Robert Koch (1843-1910), the German bactei lologist 
who isolated the bacillus of tuberculosis 

of tins IS due to puerpeial fever and a deter- 
imned drive is being made by research woikers 
on this subject Paiticularly good lesults have 
been obtained during the past few years fi'om 
giving mothers during tlie last month of 
pregnancy a diet wnth a particulaily high 
xatamin A content Results sho-w that it 
notably improves their resistance to puerperal 
infection 

’Workmg on the same hnes as the German, 
Ehilich, who discovered that the salvarsan 
compounds kill tlie spirochaetes orgamsm ivluch 
causes syphilis, scientists have recendy dis- 
covered a chemical compound knoira as 
sulphamlamide This is mjected into the 
blood stream and is able to destroy the bactena 
present ivithout harimng the dehcate tissues 
Thus, It has proved effective against puerperal 


fever — ^ivhich is a general infection — and it has 
also been used mth gieat success in such 
locahzed infections as tonsillitis 

Disease involves the destruction of that hving 
tissue wluch IS found m the youthful body, and 
this tissue, once destioyed, can be replaced only 
by the inferior tissue typical of old age Modern 
realization of this fact explains -why great and 
inci easing care is given to child welfare For, 
where health is concerned, the child is indeed 
father to the man, and the healthy child of 
today IS tlie healthy man of tomorroiv It 
would be veil if -we alivays bore in mind this 
self-e\ndent fact 

DISCO^'ERED AT SCHOOL 

Because pie-natal conditions have no small 
influence on the vs^elfare of the child, maternity 
centres ha\ e been established m practically 
ever^f large towm In these not only is the 
health of expectant mothers kept under obseiv^a- 
tion, but valuable educative irork is done 
classes aie held m winch instruction is given 
m the feeding and leaiing of infants Once 
her baby is born, the mother is encouraged to 
attend the Infant \Velfare Centre, i\here she is 
supplied vith dried and pasteurized rmlk at 
half the usual pnce, and given all necessary 
ad\nce as to the health of her child until it is 
two years old 

The supply of day nursenes or creches (to 
which a medical officer is usually attached) is 
not }et equal to the demand, but m many 
mdustrial areas they are ver)' valuable in looking 
after the children of musing mothers, and so 
sarong much good human material 

At every elementaiy'^ school the cluldren are 
giv^en periodic inspections, both dental and 
medical In addition, teachers consult the 
vositmg school nurse or the medical officer for 
health, should any speaal adroce become 
necessar)' In tlie routine exammation of 
school childien, vosual defects, diseased tonsils 
and adenoids, nckets, cases of cun>-ature and 
flat feet are all too commonly found 
HEALTH IS TV'EALTH 

Much IS done to remedy these and other 
disabdities Treatment for flat foot and spinal 
curvature is given by the school health visitor 
Children in a state of debihty aie either given 
cod-hver oil and malt, sent to hospital, or 
transferred to an open-air school WTien 
tonsils and adenoids have been removed, 
children are made to attend special breathing 
classes Malnourished yoimgsters are often 
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ALL ABOARD ON THE HAPPINESS TRAIN 
Children at play in the Pioneer Health Centie at Peckhain, London It is the onlv institute of its kind in 

England and nm founded by two biologists in 1934 


fed at school, those ^vho are known to have had 
rheumatic fever, chorea (St Vitus’s dance), or 
scarlet fever, are watched for signs of strain In 
other ivords, ive have come to realize that 
health is ivcalth, and have given an old sa^nng, 
“ Save the pence and the pounds %vill save 
themselves,” a new turn “ Save the children 
and the nation isnll save itself” 

HEALTH CONSaOUSNESS 
Gradually a health consciousness is being 
evolved by the ordinary man and ivoman 
Particularly is this true of the ordinary is oman 
For she begins to take a pnde in the health of 
her family, she has an increasing desire to know 
winch kinds of food her family should be given 
In the last years of her school life she has 
learned valuable rules of hygiene such as were 
never imparted to her mother 
IVith each neiv year the attitude of the medical 
profession, as such, approMmates more and 
more nearly to tliat fine dictum of Lord 
Moymhan’s, “ We must approach the conquest 
of disease through the territory occupied by 
normality and health ” As long ago as 1921, 
Sii James MacKenzie founded the St Andiews 
Institute for Clinical Research because he 
realized tlie enormous importance of recognizing 
di'^easc in its earliest stages AU the general 
practitioners m the towm of St Andrew’s helped 


to supply the Institute with records of the eaily 
symptoms of disease in the families they ticated 
With the assistance of research ivorkers at 
St Andrews University, a health senuce which 
IS preventive rather than curative is being 
built up 

The only institute in England on the same 
lines IS that started by Drs I H Pearse and 
G Scott Williamson in 1934 at Peckham, South 
London These tivo biologists minted a small 
number of families from the working-class 
distnct ot Peckham to join their centre, w hich 
m the beginning ivas no more than a small 
house Ever)' member of each family was 
given a thorough medical examination, includ- 
mg scientific tests to ascertain m what lespects 
they fell short of a good standard of health 
and efficiency Complete records were kept, 
and arrangements were made for advnee and 
treatment when necessar)' \\niile it was pn- 
manlv a place for medical examination, the 
Pioneer Health Centre had facihtics for recrea- 
tion and refreshment 

bra\t;r new world 

The idea of the Centre quickl) seized the 
imagination of the more advanced of tli 
pubhc, including many belonging to the mcdn 
profession Funds soon became available, "i 
the present fine building wath its recreate 
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CHILDREN LEARNING TO SWIM 

Menibeis of the yotiiigei geneiation leanung to iwim in the Pioneei Health Centre AH who belong to the 
Centie leceive an education in personal hygiene, and enjoy unique opportunities foi physical culture and 

recreation 

roomSj library, smmming pool, etc , came into kept at the Centre are likely to be of immense 
being The Centre, ■which is self-supporting practical value in the future Because those 
on a small subscription basis, is of inestimable families come from roughly the same environ- 
benefit to laige numbei-s of famihes Imng in the ment, eugemsts and students of heredity will, 
district All ivho belong to it receive an as time goes on, have such material as has never 
education in personal hygiene, and enjoy umque before been available 

oppoitumties for physical culture and lecreation The Peckham Centre, it may well be, is the 
Since not isolated individuals but -whole pioneer of a braver new world than that of 
families are legularly examined, the recoids Mr Aldous Huxley 
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“MASTER OF THOSE WHO KNOW” 

Aristotle (384-322 b c ) and the Parthenon winch crowns the beautiful city of Athens in winch he taught He 
obser\ed and experimented, and also by sheer exercise of thought drew conclusions as to the nature of mind 

PSYCHOLOGY THROUGH THE AGES 


I N the preceding chapter a description has 
been given of the machinery of the human 
body Earher in the book it has been 
shonn that Homo sapiens, far from being unique 
m physical structure, is virtually identical in 
this respect wth other species of animals 
This fact naturally raises the question, iihy is 
man lord of creation^ \\liy not the ape, the 
dog, the lion or the whale^ 

The question is not so easy to answer 
satisfactorily as one might think Because 
man has a better brain, says someone That 
sounds convincing But turn back to page 126 
There you mil read that “ tlierc are solid 
grounds for believing that the general area of 
the brain offers a clue to mental capaciW ” 
Only a clue, notice A feiv hnes furthei on 
comes the disconcerting statement that “ ivhales 
ha\ e brains nvalling that of man in complexit) ” 
No one Mould suggest that m hales hare e\er 
shoMTi signs of n\ ailing man’s supremacy, so 
tins first ansMer appears hardly conclusue 
But man has a supenor mind, sa^'s someone 
else He possesses the faculties of reason. 


judgment, imagination, suggests a third, rshile 
a fourth reminds us that God has endowed 
man alone among the animals with an 
immortal soul 

These answers all bear the stamp of truth 
But M'hat exactly do they mean’ What are 
reason, judgment, imagination, mind, soul’ 
Our answers lead us only to infinitely more 
difficult questions 

To attempt to answer those questions is in 
part the business of psj’chologj' 

'IVhat is psychology' ’ 

To ask this question to-day seems almost 
insult Every'onc knows what psrchologj' is 
One can hardly open a daily paper wathom 
coming across reference to it (Countless maj,c^ 
zine articles explain blandlv the psychology 
of this, that, and the other, of war, peace 
trade, industn', finance, enme, education 
rcligon — m short, of almost anv hum i 
actiNuty' ^ou care to mention 
The language of the psychologst has p> 
trated into e\en.dav speech and become 
integral part of it If our neighbour anne. 
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or bores us, ^ve get our levenge by saymg he 
has a “ complex ” Any crotchety old lady 
of our acquaintance ^ve describe as “ neurotic ” 
Many of us talk learnedly of “ inhibitions,” 
“ phobias,” and “ repressions, ” is'hile among 
the most hackneyed chches in our language is 
that unhappy (and mcorrectly used) phiase 
“ the psychological moment ” 





PRESS PORTRAIT BUREAU 

FOUNDER OF NEW SCHOOL OF THOUGHT 
Di Alfied Adlei, who aftei rejecting Freud's theory 
of di earns founded the school of individual psychology 

Let us analyse tins alleged psychological 
kno^vledge ^ve all possess Imagine a group of 
normally intelhgent and leasonably well- 
educated people m conversation round tlie 
fireside The subject of psychology crops up 
and, as is so often the case, gives rise to a 
long and ammated discussion 
INTiat conclusions ^vould an impartial yet 
critical hstener draiv fiom that discussion^ 
In all probability the followang three 
First, that though eveiyone present takes it 
for granted that psychology has to do with 
the mind, beyond this point agreement as 
to what it IS seems to cease For one person 
it appears to be a method for curing nervous 
diseases, for another a -way of deahng with 


naughty children, for a third a system to aid 
success and ensure happiness in life And 
so on 

Second, that the discussion centres almost 
exclusively round the question of -what psycho- 
logy can or cannot do -when apphed to piactical 
problems, and third, that opimons -wall vary 
from that of an extieme right "wang ivhich 
disimsses all psychology as suspect to that of an 
extreme left ivang ivhich regards it as a 
potential if not actual remedy for almost any 
and every human ill 

VALUABLE PRACTICAL WORK 
This state of affairs is not so surpiasing as 
might at first sight appear Disregard the lack 
of agreement as to the practical value of 
psycholog)% and diat group reflects not inaccur- 
ately the position to-day in the world of the 
professional psychologist 
There, instead of a single, umversally accepted 
doctrine of psychology ^sall be found a number 
of schools of psychological tliought, apparently 
mutually exclusive, and seemingly, to the 
supeificial obsei-ver at least, steadily drifting 
farther apart, sphtting as they go into stdl 
moie divergent groups 
It seems obvious tliat htde attempt is being 
made to construct a synthesis, or comprehensive 
system, of psychology \vhich shall reconcile 
those various and opposing vueivs, each school 
of thought IS too busily occupied in dev eloping 
Its owm particular dieor)’- 

Yet almost without exception diese schools 
and groups are doing valuable practical work 
None IS content widi dieory alone, most aie 
far more concerned wath the apphcations of 
dieir findings to the solution of human problems 
It almost seems as though temporarily the 
search for the perfect psychology had been 
abandoned in favour of the more narrowly 
utilitarian plan of putting into harness such 
partial trudis as have already been discovered 
How has this state of affairs come about ^ 
SERIES OF RES^OLUTIONS 
The answer is simple YTiile psychology 
itself IS very neaily as old as the human race, 
during the past century or so there has been 
nothing less than a revolution — or to speak 
more accurately a senes of rev'olutions — ^in the 
psychological world As a result, it is almost 
safer to-day to talk of “ the psychologies ” 
than of psychology 

Psychology of a sort had its birth when long 
ages ago some unknown cave-man — or woman 
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—began to be troubled by the thoughts which 
arose in his mind or the dreams which disturbed 
his rest, and was moved to enqmre into then- 
nature and ongin The present-day systems 
of psychology are creations as modem as the 
motor car, the aeroplane, ivireless and the 
cinema 

What IS the nature of this revolution which 
has taken placed In bnef, that psychology 
has at long last emerged from beneath the 
ivings of metaphysics and philosophy and 
become a science in the full meamng of the word 
ACADE^^C AND ALOOF 
While the first muttenngs of that revolution 
ivere to be faintly distinguished centuries ago, 
it is only dunng the present century that it 
has achieved its climax Even m the mne- 
teenth century, as Dr P B Ballard, the 
ivell-known educatiomst has put it, psychology 
was “ an armchair psychology, bom and bred 
in the study, abstract, academic and aloof” 
But “ the twentieth century saw a new hne 
of development The psychologist ceased to 
be a pundit and became a ivorker He got 
out of his armchair, took off his coat, so to 
speak, and set to ivork ” 

“ Only a science ivhich is directly related to 
life,” said William James, one of the greatest 
pioneers of modem psychology, “ is really a 
science ” “ It might also be said,” added 
Alfred Adler, another of the great modems, 
“ that m a science which is directly related to 
life theory and practice become almost 
inseparable ” 

NOT AN EXACT SCIENCE 
Adler’s illuimnating remark very exactly 
indicates the position of psychology to-day 
In It, theory and practice have become virtually 
inseparable, and psychology has become not 
less, but more scientific on that account 

One often hears the objection that psychology 
is not yet an exact science The answer is 
that It probably never isall be, its subject 
matter is too elusive But it is quite unfair 
to assume, as many people do, that for that 
reason all its hypotlieses and conclusions must 
therefore be regarded isath suspicion If that 
attitude of mind ivere umversal, all saence 
isould be suspect 

Another objection frequently urged against 
ps) chologv’ is that it is still in the expenmental 
stage One might reply to this that so are 
all the sciences, but a far more conwncing 
ansuer is bnefly to renew the history of 


psychology and to show that it is not nearly 
so expenmental as many people imagine 
WTiile modem psychology mav rightly be 
called revolutionary, it has to be remembered 
that no revolution, houever iconoclastic, can 
ever make a clean break mth the past It is 
invanably compelled to incorporate in the nciv 
system which it creates a great deal of the 



APOSTLE OF psycho-analysis'^'^ 


Dr Siguiimd Freud, whose psycho-auah sis is partly 
based on Greek thought of se^eral eeut lines before 
Christ, though many of the ideas are original 

old system ishich it sets out to destroy And 
modern psychology^ is pnmarily creative rather 
than destructive, it tends rather to remember 
than to forget the past 
Too much prominence perhaps has been 
gi\en m popular writings to what is new' in 
present day psychology', and too little to what 
IS centunes old It -would be quite incorrect, 
for example, to assume that psy'cho-analysis, 
possibly the most re\ olutionary and certainly 
the most starthng of modem psychological 
thcones, sprang full-fledged out of notliingncss 
Dr Sigmund Freud (bom 1856) of Vienna, 
Its discoierer, though fully' aisare of the 
onginahty of manv of his ideas goes out of 
his way on occasion to assert the opposite 
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view, even -when the necessity seems hardly 
apparent 

“ As a rule,” he declared in his first Intro- 
ductory Lectures on P^cho- Analysts, “ psycho- 
analysis only adds something new to what 
has been said ” “ Nor ivas I then aware,” 
he i\Tote in his Autobiography, “ that m deriving 
hysteria from sexuahty I was gomg back to 



IIWIILTON COLLECTION 

FATHER OF MODERN PSYCHOLOGY 
Thomas Hobbes (1588-1679), the English philosopher 
who showed how scientific principles could be applied 
to psychology 

the very beginmngs of mediane and folloinng 
up a thought of Plato’s ” Later in tlie same 
book he reminds readere that “ Aristotle’s old 
defimtion of the dream as mental life dunnsc 
sleep still holds good ” 

Thus two of the bases of ps) cho-analyirc 
theory are foimd to be discoverable in Greek 
thought of three centuries or more before 
Christ And scientific psychology is older 
even than Plato and Aristotle 
In the sixth centur)' b c Greek medical men 
ivere already distinguishing betis'een the raiv 
material of knoivledge as acqmred by the 
senses and thought as matured in the mind 
It ivas becoming evident to them that theie 
was some poiver or faculty m man -winch 


co-ordinated and unified the elements of 
kno-wledge, perhaps even created some of 
It, since It ivas difficult to see hoiv abstract 
and umversal ideas could arise out of 
sense-perception 

Later in the same century, Pythagoras (about 
582-506 B c ), the celebrated Greek mathe- 
matician and plulospher, evolved the theory 
of an immortal soul prisoned in the mortal 
body, from which it escaped only at death, 
and thus opened a control ersy -which has 
raged do-wn to the present day 

BEE^G AND KNW^TNG 
Has man a soul or has he not^ If he has, 
is the soul mortal or unmortaP Or perhaps 
soul IS the same as nund^ Then hois' do mind 
and body stand in relation to each other ^ 
Are they only different aspects of the same 
organism, or tis'o distinct and separate entities ^ 
Strictly speaking, these questions belong, 
not to psychology', but to metaphysics, ishich 
explores the plulosophy of being and knoisrng, 
yet for many' centuries they' dominated psycho- 
logical thought As is pel haps hardly necessary 
to point out, the is ord psychology means 
hterally “ soul-knoss ledge ” (Greek psyche, soul, 
and logos, knowledge) 

The reason for this preoccupation is'ith 
metaphy'sical problems is not far to seek 
Just as the boundary line betsseen chemistry 
and phy'sics, or betss'een chemistry and biology, 
can never be accuiately' defined, neitlier can 
the boundary lines betsseen psy'cnology and 
metaphvsics on the one hand, and psy'chology 
and biology' on tlie other In so far as psy'cho- 
logy IS a matter of biology it belongs to the 
natural saences, in so far as it touches 
metaphy'sical, moral or etiiical questions it 
falls ssatiun the pros'ince of philosophy 
THOUGHT CIRCULATED BY AIR 
Noss' the ancient Greeks had ads'anced very 
far in philosophy, but tlieir knoss ledge of 
biology' ss as crude in the extreme Con- 
sequently', though they gave attention to both 
aspects of psychology', tlieir reseaiches on the 
plulosophical side ss'ere bound to be infimtely 
more frmtful tlian those on tlie scientific 
^\^len, later, the early' Christian thinkers 
embarked on psy'chology', their interest -was 
almost mewtably' centred on its more spmtual 
aspects 

Neither Plato nor Aristotle kneiv any'dung 
about the nen'ous system, they believed that 
sensation, thought and energy' is'ere arculated 
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through the body by means of air in the veins 

> a mistaken impression i\ hich incidentally ivas 

to persist until the eighteenth century Aristotle 
imagined that thought proceeded from the 
heart, Plato that desire had its ongin m the 
liver 

Both accepted unquestiomngly the current 
medical teaching that a man’s temperament 
depended on the ratio in which the four 
“ humours ’’—blood, phlegm, black bile and 
yelloiv bile — were mingled in his body They 
had, needless to say, never heard of the duct- 
less glands, to the activity of which -we now 
ascribe temperament 

SOUL AS DYNAMO 

It IS evident from the foregoing that httle 
substantial progress could be made in psycho- 
logy along scientific lines On the other hand, 
two philosophers of the status of Plato and 
Aristotle could hardly fail materially to advance 
the theoretical side 

Plato (429-347 b c ) took up the Pythagorean 
theory of the immortal soul, and considerably 
developed it For lum the soul -was the dynamo 
which gave hfe to and drove the machinery of 
the orgamsm Everything living had a soul 
Plants had nutntive souls ^vhlch enabled them 
to feed, grow and reproduce their kind 
Animals were further capable of sensation 
and voluntary movement because they had 
sensitive souls Man’s soul possessed all these 
attributes, and added the power of reasoned 
thought, \vhich made it supreme 
A fantastic theory, no doubt, yet it enabled 
Plato to make the fundamental discovery so 
amply confirmed by modern psychology, that 
in the development of the human personahty, 
desire, or appetite as it used to be called, is 
bound to come into conflict tvith reason, and 
that out of that conflict emerge judgment and 
will 

PLATO AMONG THE MODERNS 
It should not be forgotten either that Plato 
tvas the first to apply psychology to education, 
nor that his educational theory was in many 
respects strikingly modern 
He conceived education as a process by 
^\hlch the soul is as developed through the 
gradual adjustment of the indmdual to his 
environment and to the society in ^\hlch he 
was brought up The purpose of instruction 
was to tram the pupil in abstract thought, for 
Plato held (and his opinion has been justified 
by that very' modern invention, the intelligence 


test) that the highest mark of intellectual 
capacitv lay in the ability to pci ecu e tlic 
relations bctw'cen things 

Aristotle (384-322 bc) evolved a very 
beautiful thcoiy of the soul ^^hctllcr he 
regarded it as immortal or not no one has 
ever been able to decide, but he quite certainly 
rejected the idea that it vs as separate fiom the 



UAllILTO I COLLXCTION 

FOUNDER OF CARTESIANISM 
Rene Deseartes (1596-1650) regarded animals as 
machines pin e and simple, it ork ing quite aiitomaticall) 

body For lum it was the form w’luch gave 
shape and meaning to the matter 

Matter has no meaning vsithout form, form 
cannot exist wathout matter Together they 
produce something full of reality and meaning 
A block of stone, a lump of clay', unshaped, 
are uncouth and meaningless The sculptor 
transforms one into an angel, the potter moulds 
the other into an exquisite vase Each indiv idual 
is sculptor of his own individuality, and soul 
IS the form he giv es to it Soul, m other w ords, 
IS the perfected state of dev'clopment vs hen all 
the bodily functions arc vsorking actively and 
m unison 

This theory' naturallv led Aristotle, since he 
vs as scientist as vs ell as plulosopher, to study 
the functions of the body He investigated 
the nature of tlie senses, and defined sensation 
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as a change m the mind Memory he 
regarded as a permanent impression of sensa- 
tions, and human expenence as a collection 
of memories He traced a sequence betiveen 
sensation and reason, and a similar one 
betiveen desire and i\all He established know- 
ing and wnlhng as mam functions of the mind, 
and ivas careful to distinguish between mmd 
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OF “HUMAN UNDERSTANDING” FAME 
John Locke (1632-1704) allowed man an active mmd, 
but legarded mental processes as a function of the 
body 

and the bochly organ through "which it 
ivorked 

Thus one may see that over two thousand 
years ago a considerable body of psychological 
knowledge had been bvult up Aristotle’s 
combination of methods, too, deserves notice 
On the one hand he observed and experimented 
m true scientific fashion, on the other he 
philosophized, that is, by sheer exerase of 
thought drew conclusions as to the nature of 
mind 

Perhaps it i\'ill be iveU at this point to 
mterpose a note on method m psychological 
enquiry, for it must be obvious to anyone that 
there are very special difiiculties involved in 
the study of the mind 

Of course, if one demes the existence of mmd 


as such, and regards all mental processes as 
physiological m origin and nature, most of 
those difficulties are resolved It then becomes 
possible to make psychology a completely 
objective science, that is, one prosecuted entirely 
by an observer on material observed 

One mvestigates the anatomy of the brain, 
the nervous systems and the sense organs, 
analyses and classifies the products of mental 
processes as expressed in behaviour, and then 
correlates the tivo investigations 

ANALYSING MENTAL PROCESSES 
This standpoint has been taken up more 
than once m the history of psychology, but it 
is one Avhich as a general rule man has been 
reluctant to accept He prefers to believe 
that there is some power wathm him that is 
not reducible to terms of chemical action, 
and that this power is the mamspnng of his 
lugher mental functions 

But how IS he to investigate the nature of 
this power ^ He can only do so by looking 
into his owm mind, observing how' it works, 
and analysing the mental processes This is 
called introspecbon 

The prime defect of merely using the mtro- 
spective method is that the only mind any 
person can ever look into is his owm He has 
no guarantee that other minds work exactly 
like his, and he can never percave any mental 
process m its entirety, because the act of 
introspection necessarily causes interference 
iNath that process 

He can of course collect from other people 
impressions and expenences In doing this he 
is departing from purely mtrospective methods, 
w’hich IS all to the good, but he is shU 
hampered by the fact that other people’s ideas 
of thar mental processes are of necessity as 
imperfect as his oira 

GLOOM OF THE DARK AGES 
A ^\^se combination of introspection and 
objective study is the ideal method for psycho- 
logy Aristotle made this combination, and 
had the physical saences been as developed 
in his day as was philosophy, there is httle 
doubt that psychology w'ould have been 
placed on an assured basis many centimes 
ago Succeeding thinkers, lacking his breadth 
of vision, tended to folloiv either a purely 
physiological or purely philosophical path 
Christian philosophers, as we have said, 
naturally become preoccupied with the meta- 
physical questions of the ongm, nature and 
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destiny of the human soul Physical science, 
after making a number of important dis- 
coveries, including that of the nervous system, 
faded out in the gloom of the Dark Ages 
As a result psychology remained for centunes 
largely a matter of metaphysical subtleties 

Not until the ivind of the Renaissance blew 
across Europe was there any real advance m 
psychological thought We may, if we like, 
date the origin of the modern revolution in 
psychology from that time, though its results 
did not begin to be impressive until the second 
half of the nineteenth century, and can by 
no rieans be said to be fully worked out yet 
FROM IDEALS TO REALITIES 

The spirit of the Renaissance was matenal, 
realistic, rational and scientific Throughout 
the Middle Ages man had been largely pre- 
occupied with the world to come Now he 
became vitally interested m his life on earth, 
he \vanted to knoiv all about it, and about the 
%vorld m which it had to be lived One result 
of this revolutionary attitude towards life was 
that man began to look at himself from a new 
angle 

To put it crudely, the focus of attention was 
diverted from human ideals to the realities of 
human behaviour Whereas formerly philo- 
sophers had assumed that the guiding principle 
in man was a persistent and reasoned quest 
for the absolute Good, now WTiters arose who 
rejected this idea utterly Man, they declared, 
was not guided by reason, he was ruled 
primarily by his desires or appetites This 
theory naturally led to a demal that man could 
possess an immortal soul 

Meanwhile the idea of scientific method and 
procedure dominated all men’s minds Every- 
thing must be proved scientifically This led 
psychologists on the one hand to investigate 
closely the physiological aspects of mental hfe, 
and on the other to be elaborately logical in 
their analyses of the mental processes It is 
easy to see how this attitude could lead to a 
meclnnistic, or machine-like conception of the 
mind and its \vorkings 

MIND AND MATTER 

In England, Thomas Hobbes (1588-1679) 
drew up a scheme of psychologj' \shich defined 
sensation as a mode of motion excited by 
external stimuli in the physiological machine, 
and icason as an aiitlimetical process of adding 
or subtracting ideas already contained m 
experience 


Sensations, he said, strike imrards, exciting 
either pain or pleasure The re\ersc process 
IS volition, or ^\^lIlng, ishich strikes outward, 
away from or toivards the cause of the pain or 
pleasure In man volition is tempered by 
judgment, and the conflict bctivecn die two 
results, as Plato had already obser\ ed, in the ill 
The value of Hobbes’ work lay mainly in 
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PHILOSOPHER AND HISTORIAN 
David Hume (1711-1776) put forward the famous 
principle of the association of ideas 

the fact that he showed ho\v scientific method 
could be applied to psychology For this 
reason he has been frequently called the 
“ father of modern psycholog)’' ” 

In France, Ren6 Descartes, (1596-1650), in 
his passion for scientific truth, threiv overboard 
all the teachings of all previous thinkers, and 
began a philosophical enquiry ^\lth, so to 
speak, an absolutely blank page He queried 
the reality or truth of ever)’thmg, and then 
set out to discover if there ■vs ere anv pnnciples 
which could be shossn to be true beyond all 
shadow' of doubt 

At last he found one He expressed it in 
the famous dictum Cogdo, ergo sum, “ I think, 
therefore I am ’ Tliat principle discovered, 
he tested all others by it From it he “ proved ” 
the existence of God, from the nature of God 
the reliability of the human mind, from that 
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the reahty of the external as orld, and from the 
natiure of tlie external ■v\orld tliat mind and 
mattei -were completely and utterly diffeient 
But as mind and matter ob\’iously ivorked 
together m man it became necessary to shoi\ 
the relation between the two Descartes’ 
solution of this problem w'as mgemous if highly 
inaccurate 



HAilTLTON COLLECTTON 

GREAT GERMAN GENIUS 
Gottfried Wilhelm Leibnitz (1646-1716), the German 
philosopher Mho introduced the idea of unconscious 
mental actnity 

To animals he demed inmd, they %\ere 
machmes pure and simple, orking qmte 
automatically !Man’s body ^\ as also a machine, 
but from It flo^\ ed feelings to the pineal gland 
of the brain, ishere tlie nund recened tliem 
and returned to the bodv impulses resulting 
in moi emen ts Matter in as thus controlled 
by mmd 

The bottom drops out of this theor)’^ as soon 
as It IS discoi ered tliat a nim als as -w ell as man 
possess a pmeal gland But that tune is as not 
yet, and as Descartes’ influence on contemporary 
thought \\ as \ eiy great, his ness's ss ere generally 
accepted, and mind and bod)' ss'ere regarded as 
separate and different entities 

Yet es^en Descartes, mistaken though he ss’as 
on many pomts, made a substantial contribution 


to ps)'chological knoss ledge In effect he stated 
the principle of reflex action, that is, of 
im oluntarv bodily response to an external 
stimulus In this he ssas in ads^ance of his 
das-^, the principle ssas not scientifically estab- 
lished until the early -years of the mneteenth 
century’^ He sass clearly the physiological 
nature of sensory and motor (mos ement) 
processes m the human body% he had much 
to say that ssas valuable about the nature of 
emotion and he enlarged the concept of mmd 
by^ allossing it consciousness 

PRINCIPLES FROM OBSERVATION 
In 1690 John Locke (1632-1704), often called 
“ tlie father of Enghsh pss chology,” published 
his monumental Essay Concerning the Human 
Understanding The fact that Locke’s psy'chologv 
ssas, so to speak, a by-product of his great 
philosophical enquiry into tlie nature of 
knoss ledge, does not detract from its salue 
To demonstrate tlie nature of knoss’ledge, 
Locke had of necessity to shoss boss it ssas 
acqmred To do tlus he traced the process 
of knossing back to its ongms, and m this 
enquiry' las' his great contnbution to pss cho’ogy 
Instead of assuming a supposed nature of mmd, 
and then arguing from that, he built up 
pnnciples of mental life from observation 
Knoss ledge, he said, comes Grom experience 
Hoss ^ By sensation and reflection 

Sensation enables us to perceis e the external 
ssorld, ss'hich possesses quantity' and quahties 
It gises to the mmd simple ideas Reflection 
acquamts us ssith tlie internal ssorld of the 
mind, sshere understanding and ssill are at 
ssork This mternal ssorld of the mmd takes 
tlie simple ideas presented by sensation, 
combines and compares tliem, and forms out 
of tliem complex ideas 

ASSOCLATTON OF IDEAS 
Locke’s position, it ss-ill be seen, is the 
direct antithesis of Descartes’ The latter made 

body' dependent on mind, the former made 
mmd ultimately' dependent on body', though 
m itself a source of ideas 
Locke ssould has’e nothing to do ssath the 
idea of a soul in man He allossed man an 
actis'e mind, but mental processes s\ ere a function 
of tlie bods', and reasoned thought depended 
on sensation, that is, bodily' experience 

How svas experience related m the mmd^ 
Locke did not fully anssier this question, but 
he hinted at a principle s\hich m the hands 
of Das'id Hume (1711-76) and his followers 
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was elevated mto the basis of a psychology 
which persisted almost down to the present 
day This was the famous pnnciple of the 
association of ideas 

Descartes had allowed the substantial reality 
of the external world Locke that of the active 
mmd Hume denied the substantial reahty 
ol either mmd or matter 

BASIS OF EXPERIENCE 
Mmd, he said, had no dynamic force 
Experience was made up of impressions and 
ideas The former ongmated both from sen- 
sation and reflection, the latter were, so to 
speak, mental impressions of impressions The 
whole w’as held together bv associations, of 
similanty, of nearness in space or time, or of 
cause and effect These associations w'cre 
themselves derivable from impressions Thus 
mind ivas for Hume nothing but a vast collection 
of impressions united by various hnks 
The modern reader wail at once perceive 
the barrenness of the “ associationist ” school 
of psychology It robbed mind of all \atahty, 
and reduced it to a -warehouse of miscellaneous 
goods, neatly packed, ai ranged and docketed, 
no doubt, but still without life or powder Even 
wall was reduced to a sequence of sensations 
The academic and and nature of associa- 
tionism had a good deal to do wath the 
suspicious distaste wath which psychology w'as 
regarded in the nineteenth centur)' This is 
not to say that the principle of the association 
of ideas has been discarded by the modern 
psychologist On the contrary, it has been 
incorporated m all systems of piesent-day 
psychology, but as a factor, not as the 
fundamental basis 

FORERUNNER OF FREUD 
Early in the long reign of associatiorasm 
rverc heard the muttenngs of the revolution 
Inch w as to sw'eep it out of existence, and to 
replace it by the piesent psychologies ivhich, 
if they agree m little else, almost all take 
emphatically a dynamic concept of mind 
In so brief an account as this it is impossible 
eien to indicate many ot the causes which 
went to bnng about the present revolution 
Hume’s woik itself was one, he finally 
cleared psjcholog)' of metaph)sical issues, 
and taught that its subject matter ^\as the 
phenomena of consciousness and the links 
between them 

The Gciman philosopher Gottfried fNilhcIm 
Leibmtz (1646-1716), who csoKed a theory' 


of the umverse as made up of “ monad',*’ or 
active, independent mental substances, of which 
ihe soul IS one, introduced the idea of uncon- 
scious mental actmtv, an idea which was later 
to be taken up by the German philosopher 
Arthur Schopenhauer (1788—1860) The latter 
taught that the only essential reahty in the 
umverse was will, and vsall he held to include 



IlAl'lLTOV COIXECTIOS 

FAMOUS METAPHYSICIAN 
Immanuel Kant (1724-1804), h/io influenced ps}- 
chology by insisting on the importance of will and 
feeling 

both conscious desire and unconscious instinct 
He was thus a forerunner of Ficud 
Immanuel Kant (1724-1804) agreed with 
Hume that psy'chology has nothing to do with 
mctaphvsics or the question of tlie soul It 
must study expenence, and to do this adequately , 
he held, must use mathematical methods He 
also pi ofoundlv influenced psy chological thought 
by his insistence on the impoitance of will and 
feeling 

Johann Friedrich Heibart (1776-1841; actu- 
ally applied mathematics to the study of mind 
True, he produced a senes of mtneate mathe- 
matical formula; which few understood and 
fewer still believed in, but the intention rvas 
sound enough Ideas, he held, w ere not linked 
passively, as the associatiomsts said, but 
dvmmicallv by mental forces The whole he 
called an “ apperceptive mass ” 

To tins apperceptive mass new ideas are 
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constantly bemg allied Herbart, -who had a 
keen appreaation of the practical value of 
psychology", apphed this principle of the 
relating of new matenal to past experience 
to education and earned tlie piofound gratitude 
of seieral generations of teachers 

Heibart believ"ed in a soul w"hich he regarded 
as a quantity of energy" Eveiy experience 
demanded so much eneigy" (this was ivhat he 
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JOHANN FRIEDRICH HERBART 
He apphed imtheimtics to the stiidv of mind and 
held that ideas nere linked by mental forces 


tried to show" matliematically"), and tlie soul 
IS perpetually" concerned to maintain its umty" 
m face of multitudinous "coalescing or opposing 
ideas 

An idea, he maintained, enters the mind 
beloiv tlie tlireshold of consciousness If stim- 
ulated It rises until it is “ apperceived ” Then 
It may" sink again into the unconsaous The 
sigmficance of this theory for education wall 
be obi'ious to any"one who has ever done any 
teaching 

Herbart’s attempt to apply mathematics to 
psy"chology" was not a success, but at least it 
pomted the is ay" Einst Heinrich IVebei 
(1795-1878), a German saentist who did 
much w"ork on the senses of hearing and touch, 
formulated “ ^Veber’s Lais",” w"hich states that 
“ the increase of stimulus necessary to produce 
an mcrease of sensation m any sense is not 
an absolute quantity, but depends on the 


proportion ivhich the mcrease bears to the 
immediately preceding sensation ” "Weber’s 
work i\"as earned on and developed by Gustav 
Theodor Fechner (1801-87), the founder of 
psycho-physics, i\lnch he defined as “ an exact 
doctrme of the relation of function between 
body and soul ” 

Eien before psy"chology" i\as made more 
exact by the application to it of mathematics, 
a senes of bnlliant discovenes in physiology" 
gave promise that at last it might become 
possible to bmld up scientifically a body of 
knowledge concermng mental life -which should 
be adequate enough to resolve the mystery of 
mmd 

NORAL4L AND ABNORMAL 
In the eighteenth century French saentists 
ivere undertakmg the education of mentally 
defective persons, thus for the first time in 
history" treating mental derangements in a 
natural way instead of as arising out of 
mystical possession by" the de%"il The traimng 
oi deaf and dumb children was also being 
undertaken In tliese early" expenments aie 
to be found the germs of much notable 
twentieth century" w"ork m education They 
had a further sigmficance also, they began to 
show" the close relaftonslnp between the normal 
and the abnormal mmd 
In Austna Franz Joseph GaU (1758-1828), 
did valuable w ork on the anatomy" of the brain, 
as also did Sir Charles Bell (1774-1842), who 
in 1811 announced the discovery" of the 
difference between sensory and motor nen.es, 
and so established the prmaple of reflex action 
Tlie researches of Johannes Peter Muller 
(1801-1858), the celebrated German physio- 
logist and anatomist, and of the saentists i\ho 
foIlo\\ed his lead w"ere so important as to 
constitute a turning point m phy"siology" 
Muller investigated in particular the senses and 
the nerves, and was the first to demonstrate 
that tlie kind of sensation expenenced depended 
on the nature of the sense organ transmitting 
it to the ner\"e terminals 

TIVO GREAT INFLUENCES 
By" the middle of the nmeteenth century ti\o 
influences then -were play"mg strongly upon 
psy"chology On the one hand philosophers 
W"ere insisting tliat imnd was dy"naniic, not 
static, on the other, saentists i\ere showang by 
exact experiments hoiv sensoiy and motor 
impulses ivere passed to and from the bi'am 
A neiv oudook upon psychology "was maturmg, 
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and the plnsiological aspects of psvcholog^'' 
s/crc rapidlv being developed 

Then came a third and predominating 
influence In 1859 Charles Darwin (1809-82) 
published his epoch-making u'ork The Origin 
of Species by Means of Katural Selec'ion Twehe 
years later came The Descent of Man and Variation 
VI Relation to Sex, followed m 1872 by The 
Expression of the Emotions in Man and Animals 
EVOLUTION AND PSYCTOLOGY 
The influence of the Danvinian theory o! 
evolution w'as as profound upon psychology 
as upon any of the other sciences It can best 
be described in the w'ords of Dr Francis 
Avehng, Piofcssoi of Psychology in the Univci- 
sity of London, who has said “ The influence of 
the evolutionary hypothesis upon psychology 
W'as enormous Like the saturated solution of 
a salt into which a crystal is dropped, current 
psychologies began to cr^’stallize round it 
The mental gulf between man and the lest 
of the animal kingdom w’as budged ” 

Hitherto psychologists had studied man’s 
mind as an isolated phenomenon, they had 
taken it, so to speak, out of cold storage, 
dissected and analysed it, built it up again out 
of Its pieces, and rcgaided the mattei as finished 
Now, all at once, psychology was seen to be an 
infinitely vaster and more complicated study 
than had ever befoie been imagined The 
evolutiomry theory must be applied to mind 
as ivell as to body 

ENLARGING THE STUDY 
That involved study of the growth of mind 
Just as man’s body w'as show'n to be the result 
of ages of evolution from the simple one-celled 
organism upivards, similarly it must be assumed 
that mind had developed To discoicr its 
seciets, one must go right back to the origins 
of mental life, and trace them upwards to the 
climax in man In this study the entire animal 
kingdom must be surveyed The task also 
invoK ed tlie study of the human mind from 
the birth of a child onwards, and study of the 
life of piimitue peoples, wluch illustrated 
stages of human deiclopment 
This 1 ast field had naturally to be split into 
fields for specialized research, tlius there came 
into being the sciences (or sub-sciences) of 
animal ps^chologay comparatne psjcliologv’ 
(man compared with animals as regards mental 
life), and child psNchologs 

In the Origin of Species Darwin discussed 
insuiicts , in tlic Descent oj Islan the development 
U 


of mental powers in man and the animals His 
destruction of the ihcorv' that animals wrrt 
differently constituted mcntalh horn man led 
to intensive studv of animal behaviour with a 
view to throwing light upon human behiviour 
In course of time axtremely valuable icsults 
were obtained 

Similarly, since man in his prc-nital giowtli 
and early childhood demonstiates in pait the 



R1 CIICIT2 COU J CTIOS 

GERMAN PHRENOLOGIST 
Franz Joseph Gall (1758-1828) did laliiable woik on 
the anatoniv of the biain 

ev'olution of the human species the psv chology 
of early childhood was attacked Primitive 
peoples thioughout the world became the 
subject of mv'cstigation, since their culture and 
behav lour i epresented stages in human dcv'clop- 
ment Folk-lore, mythology', legend, primitive 
customs, habits, leligions, ancient and medieval 
literature were ransacked in search of material 
At the same time insane, mentally defective, 
neui otic and otherw ise abnormal people became 
subjects for intensive psychological studv, i 
being realized that much light could be throw n 
upon many mental piocesses by studv ing them 
in their more exaggerated or abnormal 
forms 

Herbert Spencer (1820-1903) v as the fiis 
philosopher to applv' Darwinism to psvcholoiT' 
Unfortunately he tned to confine it within the 
bounds of associationism, but he did good wc 
in analysing the nature of intelhgcncc ar> 
of mental products, and m directmg attenue 
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to the part played by heredity and racial 
influences upon the indi\ndual mind 

Meanwlule Sir Fiancis Gal ton (1822—1911) 
the anthropologist began under Dan\an’s 
influence the studies ivluch i\eie to lead to 
his publication in 1869 of Henditar) Genius, 
and in 1883 of Inquiries into Human Faculty 
Galton in\ estigated tlie relation betw een mental 
qualities, and, m order to measme it, imented 



wscncirz colxxction 


PHYSIOLOGIST AND ANATOMIST 
Johannes Peter Muller (lSOI-58) irnestis'ated in 
particular the senses and the nenes 

the “ coefficient of coirelation, ’ a de\ace tliat 
has been of enoimous \alue on the statistical 
side of modern psychology 

In 1879 ^Vllhelm Wundt (1832-1920) opened 
at Leipzig the Hi's! laboratory' entiiely de\oted 
to ps^ chological experiment Se\en veais pie- 
mously he had published a Gioundwork of 
Physiological Ps)chology in ^\hlch he attempted 
to relate together anatomy', neuiologv' and 
psy'chologv' This book and the founding of 
the laboiatory indicate his attitude 

\Vundt belieied that ps^chology' is based 
upon expeiience and that this lattei i\as a fit 
subject for exact scientific study' He approached 
it i\ath an open mind, holding it impossible to 
pi edict •whether any experience had a plnsio- 
logical or mental origin Only' imestigation 
could shoi\' tliat 


Similarlv he did not commit himsell to any 
one method The psy'chologist must avail 
himself of any' and evens' method, introspection, 
obsers'ation of and experiment upon physio- 
logical conditions, study' of behaviour both 
ammal and human research into literature, 
philology, religion and anthropology' 

"Wundt’s example vsas quicklv' followed 
Other laboratones were founded, other psvcho- 
logists adopted his vievss on method The 
v'astness of the field to be cov ered invited 
speciahzation — one reason whv' to-dav' there 
are many' schools of psy chological drought 
GROYTH OF THE CHILD MIND 
In 1883 the first psychological laboratorv m 
America v\as opened bv G Stanley Hall 
(1844—1924), vs ho devoted manv veal's of his 
life to a studv' of adolescence He is famous 
for the theorv that the mental grovith cl every' 
child recapitulates all the epochs of culture 
thiough which man has passed from his most 
pnmiUve davs to present dav civihzation 
The theory is not accepted in all its complete- 
ness, but It did a v'erv great deal to thiovs light 
upon the grov\th of the child mind From an 
eailv' date child psvchologv has received much 
attention m the Umted States Stanlev Hall 
being onK' one among a laige numbei ol 
distinguished investigatois, and a large amount 
of bnlhant work has been, and is being done 
there 

Hall had been a student at Harv ard Umv er- 
sitv' under \\ilham James (1842-1910), most 
1 ev oluUonary' and important of nineteentn 
century Ameiican philosophei-s A neuiotic 
and delicate bov , James grev\ up a semi-mv alid 
y'oung man until he v\as twentj -eight "Widelv 
tiavelled, deeplv' read, trained under some of 
the most distinguished German phvsiologists 
of the dav, and fully' qualified as a doctor of 
medicine, he remained a prev to a neurosis of 
a painful natme until, as he relates, he read 
the philosophy' of Charles Bertiand Renouvaer 
(1815-1903) and imbibed his doctrine of free 
wall 

DETERMESTSM 4NT) FREE YTLL 
Libei ty , declai ed Renouv lei , is man s funda- 
mental characteristic ^Ve believe in it, not 
wadi oui intelligence meielv', but by' power of 
wall This theory viTOUght a marv'ellous change 
upon James Declaring that “ mv' first act of 
hee wall shall be to believe in fiee wall ’ he 
shed his voudiful philosophv of detei'mmism,. 
or behef tiiat human action is determined by'' 
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HOME OF THE AUTHOR OF THE ORIGIN OF SPECIES 
Down House, Kent, sshere Damn wrote /ns epoch-malting boo/cs In the Descent of Man the scientist 
discussed the deielopnient of mental powers in man and the lower animals 

external forces, cured himself of his neurosis ps>cholog\' had to do \nth the structure of 
and embaiked on a hie ol intense intellectual the mind, and insisted that it dealt \\ith its 
activity functions in simpler language he was not 

He began by teaching phvsiolog)' at Haixard, interested in what the mind is so much as what 
where later he became professor of psychologx’ it docs 

In 1891 he published liis famous work The Eiadencc of the results of this new attitude 
Prinn/;/w(^f’^r/io/og), on which he had laboured were forthcoming in the work of his colleague 
(oi a do7en \ears or more Out of date now — Hugo Munsterberg (1863-1916), who in 1908 
so rapidly and c\tcnsi\el> has ps)chologv published Ps}cholog)' and Crime and four ^cars 
developed since — it i\as yet a landmark in the later Psychology and Industrial CJfictcng 
history' of psvcho'ogical thought It inco''por- James s influence was directly contnbutoiw' 
ated and wove into a svstem all the \arious to the development of two modern schools of 
lines of dc\elopmcnt — the phxsiolbgical, the psvchological thought which had their origin 
psycho-ph\sical, the analytic, the pathological, in North Amcnca and arc still i\idcl\ accepted 
and the philosophical — which were actively Behavaounsm, and Purposue or Hormic 
contributing to produce the new outlook on Ps\cholog>' 

psychologx' Insistence upon the functional rather than 

Two features were essentially modem in the structural aspect of mind imolvcs an exact 
James’s psschologj its conduct along stnctly studv of behaxiour, which is the outa ard 
scientific lines and Us concern wath c\cn dav manifestation of mental actiaitv Any study 
hfe James tlirew oxerboard the idea that of behaviour scientifically conducted is bound to 


420 


PSYCHOLOGY THROUGH THE AGES 



PINEAL GLAND 


The pineal gland of the brain, the disco\er\ of nhich 
in the loi\er animals upset Descartes' theory 

mvohe the question ot the origins of beha\nour 
It IS e\ndent that both human beings and 
animals have to learn in some wet) or another 
how to perform eveiw one of the innumerable 
acts which together constitute their dail} life 
^Vhat is the basis of this learmng, and how is 
beha\aour bmlt up from its simple foundations 
into ever more complicated patterns^ 

STTJDY OF BEHAMOUR 
The study of beha^^our is as, of course, no 
new thing, but until the statement of the 
Dannman tlieon^ of evolution human and 
ammal behaMour had been concened as the 
result of radically different mental processes 
Right up to the tw entieth century' psvchologists 
i\ere content to admit for man the principle 
of consciousness Man acts as he does because 
he IS conscious of what he is doing in other 
^\'ords he directs his beha\aour But almost 
a century' pre\'iously' a series of phvsiological 
discoveries had begun w'hich were later to 
suggest another tram of thought 

In 1811 Sir Charles Bell established the 
prmciple of the reflex action, ivhich is an 
involimtary sensoiy-motor response to an 
external stimulus Both man and beast (right 
down to v'ery' lowly' organisms) exhibit reflex 
action "We blink at a sudden bright light, an 
earthw'orm dives doim ils hole on hearing a 
bird alight on the ground A reflex action is 
not learnt, it is invariable and umv'ersal to all 


members of the same species, and it is often 
performed mthout reference to the brain 
In 1 863 there came the suggestion from Russia 
that psy'chologv' should be bmlt up on the basis 
of the reflex action At the same time Dannn 
was teaching that there was no essential 
difference between the behavaour of man and 
tlie animals, and that the ti\ o should be studied 
side by' side, or comparatively 

EXPERIMENTS 'V^TTH DOGS 
FoUowang his lead, a large number of 
scientists embarked upon mv estigations into 
animal behavaour At first these studies were 
in the main descnptiv'e, later they' tended to 
become moie and more preoccupied wath how 
animals learn 

Among mam distingmshed names that of 
Ivan Pelrov'ich Pavlov' (1849-1936), the Russian 
phvsiologist, stands pre-eminent Pavlov has 
indeed been acclaimed by the behavaounst 
schools of psvchologv', on account of his dis- 
covery' of the conditioned reflex as the most 
revolutionary of modem scientists and even 
if this extreme vaew be not taken it is undeniable 
that his work on animal reflexes, and the 
conclusions he and others have deduced from 
It, have profoundly influenced psv'chological 
thought 

It is important to note that Pav'lov was a 
phvsiologist, not a psv chologist 'Wlien he began 
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SIR CHARLES BELL 

He discoieied the difference between sensor} and 
motor iienes, and so established the principle oj 
reflex action 
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HOW A CHIMPANZEE PUZZLES OUT A PROBLEM 
To a human being the problem of pulling button A causma panel D to rise, gnmg access to orange C, . 
shoun at the top of the page, is one that presents no difficulties Both thought and action are aln c. 
instantaneous To a chimpanzee the problem is exccedingl} complex, as the pictures Joltomng abundanih proi 
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his ^vork he knew nothing of psychology He 
was theiefore untroubled bv psychological 
theories He was working as a physiologist on 
digestive processes "when his attention was 
caught by the action of the salivary glands 
When an animal takes food into its mouth 
saliva IS produced The quantity and quality 
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EMINENT BRITISH ZOOLOGIST 
Piofessoi C Lloyd Motgan tested the theoiy that 
animals leant by a blind method of" tiial and etror ” 

of the saliva varies with the nature of the food 
This production of saliva, and the variation in 
amount and quality, is due to reflex action 
But Pavlov noticed that the sight, the smell, 
even the sounds of prepaiation of food induce 
salivation, provided the animal has seen or 
smelt food before, oi heard the same sounds 
m connection wth its preparation Upon that 
he began to experiment He used dogs, as he 
had done for previous experiments on digestion 
He isolated a dog in a qmet room, set a metro- 
nome ticking and, as soon as the animal noticed 
the noise, had a plate of food sivung into the 
room 


The process ivas repeated at suitable intervals 
It only required a feiv repetitions for the ticking 
of the metronome to excite m the dog all the 
customary signs of expectation of food — tail- 
M'aggmg, licking of the chops, salivation of the 
mouth and so on 

UNCONDITIONED AND CONDITIONED REFLEXES 
Fiom this and similar experiments Pavlov 
concluded, not that the animal had “ learnt ” 
to connect metronome ticking with food but 
that a reflex action had been induced by an 
artificial stimulus, or m other words that the 
reflex had been “ conditioned ” For the dog’s 
reaction to the ticking \\"as in eveiy respect 
exactly the same as it had been to the sight cr 
smell of food, and precisely as involuntary 
The original and natural reaction, which had 
been inboi n m the ammal, he called an 
unconditioned leflex, the aitificially produced 
one he termed a conditioned reflex Upon the 
principle of the conditioned reflex a ^s'holc 
system of psychology has been built up 

Pavlov himself maintained that all behaviour 
from what \ve call in populai language an 
“ instinctive ” action — ^such as s^v^ft -withdraival 
of a finger from a hot poker — nght up to the 
complicated piocesses necessary to solve an 
abstruse mathematical problem, is explicable 
in terms of nen'^ous icflex to given stimuli 
This theory, of couise, does a^vay ivith any 
idea of mind as the ordinary person Cor the 
introspective psychologist) understands it 
Mean^vhlle a great variety of experiments 
had been earned out to test the mtelhgence of 
othei ammals, fiom the lowly amoeba to the 
highest classes of veitebrates In England 
C Lloyd Morgan (boin 1852), and m America 
Jacques Loeb (1859-1924) and E L Thorndike 
(boin 1874) did pioneering work 

TESTS ^^TTH CHIMPANZEES 
Loeb investigated “ tropisms,” as he called 
them, the simple turnings of the body to or 
from a stimulus ^\hlch aie the most primitive 
animal reactions Lloyd Moigan, Thorndike 
and others tested by expeiiment the theory 
that animals learn, not by insight ^vhlch giasps 
a problem as a ^vhole, but by a blind method 
of “trial and erior ” m which the solut on 
is discovered by accident, and then impiessed 
on the mind by repetition 

This hypothesis has not lemained entirely 
unchallenged Just before the World War the 
German scientist Wolfgang Kohler (born 1887) 
carried out at Teneriffe a celebrated senes of 



TRYING TO THREAD A NEEDLE 

A chimpanzee iw// try to thread a needle, and is as liKch to succeed as a child of /) o or O re e tears oj 
Youns chimpanzees get tired qitickh, and older ones hate little abilitt to concentrate 
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expenments upon a group of young, untrained 
chimpanzees, and discovered in these animals 
not only a high degree of mampulative skill, 
but evidence of mental processes ^vhlch seemed 
indubitably to demonstrate insight He further 
found that the chimpanzees exhibited emotional 
traits precisely similar to those of human adults 
The tests given to the chimpanzees were 
designed to exclude solution by tnal and error 
They consisted laigely in placing food beyond 
the ammals’ reach, and at the same time 
prondmg means to obtain the food Only it 
needed intelligence to connect tlie means with 
the food, or in other ivords, to grasp the 
relation between the aids to solution and the 



EVnvG CALLOnA\, ^ \ 

WEAPON OF HUMAN BONES 


Following the publication of Danvin's books, pi iniitn e 
peoples became the subject of investigation The 
spear earned by this Vautos islander is tipped and 
barbed with human shinbones 


solution itself It ivill be remembered that 
Plato laid It doira that the capacity to see 
relations constituted the highest form of 
intelligence 

Kohler’s chimpanzees readily used sticks to 
draiv food into their cages They fitted jointed 
sticks together -when one stick -was not long 
enough (this solution -was originally arrived 
at by accident, but its possibilities ivere at once 
grasped by the animal concerned) They 
learned, though slowdy, to tear branches from 
a tree to use as sticks, they piled packing cases 
one upon another, and they siining on ropes 
to get food beyond their reach 

WHERE APES RESEMBLE MAN 
The tests revealed as clearly the limitations 
ot ape intelligence as they did its high spots 
The chimpanzees -were endently intellectually 
far below man, but the point i\as that their 
minds ivere seen to work in the same iray 
On the emotional side the chimpanzees i\ere 
found to resemble man much more strongly 
than on the intellectual They ivept, laughed 
and enjoyed play, kissed and fondled each other, 
shmved marked sjonpathy with compamons in 
distress, and equally markedjealousy and anger 
This wide range of experimentation discovered 
four tjqies, or groups, of animal reaction to 
stimuli, tropisms, reflexes, instinctive reactions, 
and intelligent behanour Tropisms are not 
ver}' common and are confined m the mam to 
the lowlier forms of animal life Reflexes are 
unwersal Instinctive reactions are made up 
of a chain or series of reflexes Intelligent 
action IS seen only m man and the higher 
animals 

CONTINUOUS DE^T:LOPMENT 
Formerly intelhgence was thought to be 
confined to man it was said that ammals 
worked by instinct, man by leason But the 
woik of the comparative psychologist has shown 
a continuous development in behavaour from 
the amoeba to man The Behaviourist school 
ol psycholog)’’ legards this dev^elopment as a 
puiely physiological phenomenon, and con- 
sequently as a matter foi entirely objectiv’e 
research 

^Mnle every school of psycholog)' admits a 
biological basis for die subject, this extreme 
vnew IS acceptable to few psychologists "What 
is being acknowledged more and more is the 
fact of an intimate but as yet v'er)' httle under- 
stood relationship between physiological and 
psychical processes 
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i.OSPUL 

HOW A NEEDLEWOMAN EXPENDS ENERGY 
Left All unskilled woman making an unnecessary nmement at the beginning of her work Centre Tiiei 
after an hour's work Right An experienced noman with an e\en,sure moiement who can work for i 

Without fatigue 


BELIEFS OF THE BEHAVIOURISTS 


T he appioacli to Behaviourist psychology 
uas giadual, tlie actual founding of the 
Behaviourist school dates from 1913, when 
John B Watson (born 1878), then profcssoi of 
avpcnmental and comparative psycholog;y at 
the Johns Hopkins University, Baltimore, Mary- 
land, published two papers entitled Psychology 
as the Bchautoiirtst Views It, and Image and 
Affection in Behaviour These he folloived in 
1914 with a full-length statement of his 
doctiine in Behaviourism, An Introduction to 
Comparative Psychology 

The word Behaviourism connotes both a 
ps\ chological theoiy and a psychological 
method As a method it consists of a scientific 
studv of the behawour of all Ining things — 
plant, animal and human — conducted on 
Hboratorv lines in precisely the same manner 
as any other in\cstigation in physical science 
Facts of behaviour are what matter to the 
14* 


Behaviounst He collects them, compares thi-i 
analyses them, reduces them to statistics, > 
draw's conclusion' only from absolutely verifiv, 
data He conducts numerous objective 
ments to re\eal new' facts, but refuses to ha\ 
anything to do waih introspection, for tl 
procedure, he maintains, can produce onl 
theories, not facts As Di \Vatson himself 
said, “ Psy'chologs', e\en to exist longer, m 
to speak of becoming a true natural scienc 
must bury' subjectnc subject matter, intn 
spectise methods and present (ps\ chologica 
terminology' ” 

Behaviourism is thus entireK occupied w 
phvsiological data it deals only with phenom^-i 
which can be observed and axpenmented upo 
In the v\hole long historv of psvchology i 
one has ever been able to observe the 
mind, consciousness — call u v\hat you pHa 
— ^and the Behaviourist has been no ■ 
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successful in this respect than other men 

He therefore denies that mind exists, or 
rathei holds that it can be entirely explained 
as a series of physiolo^cal processes These 
piocesses he holds are based on stimulus and 
response 

Man, like any othei animal, is a physiological 
maclune, isorkmg on the principle of the 
reflex action He starts life i\ath a few inborn 
reactions to a few stimuli — no one has )et 
' determined exactly how many — and everj^ 
moment of hi<5 life is engaged in weaving a 
more and more complicated behawour pattern 
on the basis of his original reflexes 

STIMULUS AND RESPONSE 

Human behawour therefore must be studied 
from birth to death, nor can a single action 
betv\ een those events be left out of consideration 
The aim of the Behatnourist is to collect such 
a complete dossier of information conceimng 
the human ammal that, no matter ^\'hat the 
age of the ammal, die environment or the 
circumstances, protndcd a stimulus be known 
he can at once and infallibly tell exactly w'hat 
response must be made Or Mce versa, given 
the 1 espouse, he can equally assert what the 
stimulus must have been w'hich produced it 

At biith, savs the Behaxnounst, the human 
infant emeiges into the t\oild already responsive 
to a fetv external stimuli For example, a 
loud sound or the sudden ithdraival ol support 
causes fear in the new -bom babe No other 
stimulus can cause fear at dns age, but these 
two stimuli invariably do, and die lesponse to 
them is automatic, die child cries out, catches 
Its bi eath or othennse demonstrates the emotion 
of fear 

On this basis of a fetv origincd, innate, 
unlearned stimuli and responses the complicated 
beha\nour-pattein of a mature adult isbmlt up 
o\ er the years by a continuous process of 
condibomng reflexes 

Just as Pavlov induced salivation in his dogs 
bv the tickmg of a metronome m close associa- 
tion ^\^d^ die pioduction of food, so in die 
groiving child new stimuh, by association i\idi 
original stimuli, evoke the i espouses called out 
by the lattei Similarlv new responses to 
oiigmal, and later to associated stimuli, are 
learned Behaviourism is thus seen to be a 
psychology of assoaatiomsm, only in this case 
It IS not ideas which are associated, but stimuli 
and responses 

A sensatiODj says the Behaviourist, is a 


response to stimulus by the nerves, emotion is 
a response from the glands or the internal 
organs A'lemory is a habit acquired by the 
nerx'es Thought is response m ivords 

The process of conditiomng reflexes proceeds 
with extraordinary rapidity, particularly m the 
domain of the emotions, and as may well be 
imagined is ver>' largely incidental, or even 
accidental No parent, for example, ivould 
deliberately teach a child to be afraid of the 
dark, of a gollnvog, oi of a dog Yet as ever)' 
parent can testJ^i, numerous young children 
aie afraid of the dark or of such objects as 
golliwogs or dogs 

This means that darkness, a gollnvosf, oi a 
dog have someliow become associated ivith 
one ol the onginal stimuli exciting fear, and 
the response to the onginal stimulus has 
become attached to the new stimulus 

In the same w'av that i espouses can become 
associated with stimuh, so they can be dis- 
associated fiom them This process is called 
unconditiomng, and as may be imagmed it 
has generally to be done delibeiately -It is 
in this respect particularly that Behaviourism 
has been ol veiy gieat practical value, 
paiticularly m the training ol young children 
Suppose, for example, a child has conceived 
an irrational fear of dogs The Behaviounst, 
who has accumulated a vast mass of information 
concermng infant and cliild behaxiour, and 
can therefore speak ■with authority, tnll tell 
)ou that It IS quite useless to pick that child 
up and set him by a dog and tell him not to 
be silly, or to conquer lus fear of the “ nice 
little friendly doggy ” It is equally futile *o 
play with the dog oneself in front of tlie child, 
or to tell the child hoiv good and useful dogs 
are in protecting tlie house fiom burglars and 
tramps The only method which can produce 
the desired result is that of deconditionmg the 
reflex linking fea» inth dogs 

DO ^^'E THINK LN WORDS ’ 

This IS done by so arranging the child’s 
environment that a dog is bi ought into it, at 
firet in a position of complete inconspicuousness, 
and veiy giadually to one of prominence If 
this is done skilfully, the presence of tlie dog 
at no stage evokes fear The cliild learns to 
tolerate dogs for the simp’e leason that the 
response ol fear to that stimulus is pre\ented 
and m time lades out altogether 

The fact that the stimuli and responses known 
bv the infant at birth ai e quite few, has caused 
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S ONDIAI 


BEST CARRIAGE OF THE BODY FOR CARRYING WEIGHTS 
Statuettes produced ftom photographs of \arious tests On the right is a \er\ bad position Incarr\in 
weights the body should be so held that the centre oj graMt\ lies o\cr the middle of the foot 


the Bclinvioun*;! to gi\e up all idea of innate 
instincts He sa^s that most ol \\hat is usually 
called instinctive bchavioui is really the result 
cl conditioning 

That is one point in ^\hlch Behaanourism 
differs radically from other psachologics The 
second is that the Bcha\aourist, true to his 
creed that all mental processes are built up 
physiologically out of stimulus and response, 
holds that language, thought and imagination 
<Mc m no yav different from other mental 
pioccsscs, but arc built up m exactly similar 
fashion They arc all bchaMour, the result oi 
habit-formaUon due to condit’oned reflexes 


Just as sensation is a response by the ncnc 
and emotion a response Irom the glands c 
other organs to external stimuli, so speech is 
\crbal response, and thought and imaginatio 
are forms oi silent or repressed speech Th 
raises the interesting question, do a\c alwa' 
think in words ^ The Bcha\aounsi ansa cr' 
No, not always, a\c ma\ think in terms i 
objects and acts ^\ords arc onh condiiionc 
subst'tutcs for objects and acts, and in ccrtai 
tapes of thought we deal onl\ with the origins 
and do without the substitutes 

The Bchaaaounst docs not confine liimst 
cnurcly to indiaadual psNclioioga’ he apph 
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his theory to soaety to nations and to races 
Only here definite results are much more 
difficult to obtain and take much longer to 
arrive at The problems are all so much more 
complicated 

Given a certain stimulus, say the threat of 
war, how ^vlll a society, a nation, a race respond ^ 
The answer must be based on verified facts, 
and these may take years or generations to 
accumulate and in such course of time the 
facts themselves may alter But the Behaviourist 
believes that ultimately ansivers can be given 
to all such problems 

PURPOSE IN LIFE 

The Behaviourist rejects the concept of instinct, 
the hormic psychologist bases his theory on 
the reality and vitality of the instincts Hormic 
IS a woid derived from the Greek home, meamng 
urge, drive or impulse The hormic psycho- 
logist sees purpose m the activity of all organic 
life, and finds this purpose to spring from an 
urge oi impulse set in motion by innate instincts 
which are handed dmvn to the organism from 
generation to generation 
The instincts to be found m man have been 
variously named, numbered and grouped 
Some psychologists have discovered nearly 
forty What may perhaps be regarded as 
the standard list has been compiled by Professor 
'William McDougall (born 1871), an Englishman 
who foi many years has been teaching m 
America, and ivho may be regarded as the 
founder and chief exponent of this school of 
thought His list of thirteen major instincts, 
to which must be added a feiv minor ones, is 
as follotvs — 

Parental Herd 

Combative Self-Assertion 

Curious Submission 

Hunger Mating 

Repulsion Acquisitive 

Escape Constructive 

Appeal 

The instincts are not to be regarded (as the 
instincts so often are in popular thought) as 
“ blind ” On the contrary, they are the main- 
springs of purpose, they are fundamental urges 
directed by intelligence towards very definite 
goals Because hormic psychology thus bases 
its doctrine on the purposefulness of all mental 
life, it IS often described as “ Purposmsm ” 
McDougall has defined an instinct as “ an 
inherited or innate psycho-physical disposition 
which determines its possessor to perceive, and 


pay attention to, objects of a certain class, to 
experience an emotional excitement of a 
particular quality upon perceiving such an 
object, and to act m regard to it in a particular 
manner, or, at least, to experience an impulse 
to such action ” 

It will be seen that this defimtion falls into 
three parts First, there is the instinct itself, 
an inherited or inborn natural tendency which 
compels attention to objects, second, this 
tendency sets up a particular kind of emotional 
excitement, and following that there is, third, 
action or urge to action of a character pre- 
determined by the instinct and its accompanying 
emotion 

It is important not to confuse emotion ivith 
instinct In everyday speech we often do so, 
we regularly talk, for example, of “ the instinct 
of lear ” Fear is not an instinct, it is an 
emotional excitement set up by an instinct, and 
not necessarily always by the same instinct, 
though the majority of the instincts have related 
to them their oivn special, or primary, emotions 

Fear, for example, is most regularly excited 
by the instinct to flight (escape), but as all 
parents will realize, the parental instinct often 
arouses this emotion So may the instincts of 
repulsion, submission, or hunger In fact, 
there is scarcely a single instinct ^vhlch is not 
capable of arousing, to a greater or lesser 
degree, the emotion of fear 

At the same time, ^vhlle emotion must be 
clearly distinguished from instinct, and recog- 
nized as tlie second part of the insnnctive 
process, its importance must not be regarded as 
secondary', on the contrary, it is fundamental 
The instinct itself has not sufficient force to 
initiate action, it is the emotion ivhich supplies 
the d)Tiamic 

PHYSICAL MECHANISM OF THE INSTINCT 

If the instinctive process ■were absolutely fixed 
and invariable in its operation, man could 
nevei have risen above the animals, nor the 
animals to their present degiees of intelligence 
But it IS not invanable it is capable of modifica- 
tion, and the hormic psychologist endeavours 
to shoiv hoiv all forms of human actmty, no 
matter how complicated or sublime, are the 
result of modified applications of the drive 
initiated by instinct 

The physical mechamsm of the instinct con- 
sists of four parts (i) the sense organ and the 
nerves connecting it wth the brain, (ii) the 
brain, (m) the nerves hnking the brain ivith 
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the internal organs of the body and the duct- 
less glands, and (iv) the nerves from the brain 
to the muscles which arc involved in outward 
behaviour 

Parallel with these physical processes are 
mental processes The activity of the sense 
organ and the nerves connecting it with the 
brain involves perception, that of the nerves 
between brain and internal organs (including 
the ductless glands) involves emotion, and that 
of the nerves from the brain to the muscles 
involves action or tendency to action 

iNSTiNcrrsT; reaction 

Emotion is invariable, perception and action 
are variable A terrified dog or a frightened 
child rushes madly from the dreaded object, 
an adult, though terrified, will in many instances 
stand his ground and meet the situation watli 
courage and wisdom He perceives the situa- 
tion differently and has learnt to modify his 
purely instinctive reaction 
An instinct in itself is neither good nor bad, 
It IS the way in which its urge is employed 
which determines the goodness or badness (i e , 
usefulness or uselessness) of behaviour Simi- 
larly, emotion is in itself neither good nor bad 
As we all know, there can be righteous anger, 
and fear is not always ignoble 
Just as the Behaviourist holds that innumer- 
able reflexes aie built up from a fetv simple 
ones by conditioning, so the hormic psycholo- 
gist Jiolds that innumerable reactions to instinct 
arc built up on the basis of the original ones 
Both psychologies believe in the principle of 
association, the Behaviourist linking stimuli and 
responses, the hormic psychologist instincts and 
reactions These, the latter says, become 
associated either by contiguity or similarity 

PART PLAYED BY INTELLIGENCE 
In the first instance ne\s' reactions are created 
because an original and a different stimulus are 
experienced together, in the second when a 
different stimulus is markedly like the first 
Also — and here the hoimic psychologist breaks 
clean away from the Behavaounst — he holds 
that in man intelligence plays a constant 
and vital part in modifying reaction and 
consequently behavaour 
This explains in part whv the behavaour of 
man is so different from and superior to that 
of the social insects Man is born \erv 
immature, and so intelligence is able greatly 
to modify instinctive behavaour, a bee or an 
ant, on the other hand, is bom practically 



THE LADDER OF INTELLIGENCE 
From the respoma to stimuli b\ au rba to 
transmission of thought b) radio 
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mature, -wath its habit-tracks alread) canalized, 
so to speak, and its behaviour pattern already 
hardened into an almost mvanable system 

Everj' nmv and then lurid stones shouang 
man dominated and enslaved by a race of 
organized insects are published, and doubtless 
some readeis ask themselves ivhether such a 
state of affairs can e\er come to pass The 
ansi\er is No, because ivhereas man’s behaviour 
IS plastic and therelore adaptable to changing 
arcumstances, the insect’s is pre-ordained and 
IS practically unable to meet an emergency 

MODIFYING INSTINCTIVE IMPULSES 

It IS ob\aous that the outlook of the hormic 
psychologist IS absolutely antithetical to that 
of the Behaviourist The latter denies the 
existence of instinct, the former derives all 
mental lite horn it The Beha\aounst allows 
man a conscious mental hie, it is true, bat no 
rmnd, let alone purpose, for the hormic psy- 
chologist all lite, animal as w^ell as human, is 
full of purpose Even the lowliest oigamsms 
have purpose, though doubtless this is involun- 
tary There is no contiadiction m talking of 
involuntary purpose, evamples cf it are taking 
place in human beings at e\ery moment of 
their lives 

IVe have no control over our digestive pro- 
cesses, it IS quite outside our wall that the body 
secretes fluids m the glands, and releases those 
flmds at appropriate times Yet this takes 
place with the veiy definite purpose of achie\ing 
digestion 

Yet antithetical though Behaviourism and 
hormic psycholog)" may be in theoi), theie is 
strong similarity betw een them in other i espects 
To begin with, they are both eminently practi- 
cal, m that they aie based on study of actual 
behaviour In 1912 McDougall published a 
book entitled P:,ychology The Stud} of Behaviour, 
in %vhich he defined psychology as “ the posi- 
tive science of the beha\"iour of living things ” 
It w'as not until he concluded that the distinctive 
feature of all such behaviour was “ the mani- 
festation of purpose or the strunng to achieve 
" an end ” that he paited company w'lth the 
Beha\nouiists 

Secondly, both psychologies are genetic m 
character, that is, they begin ivith oiigins and 
trace behaviour from its simplest and lowdiest 
elements right up to its most complex and 
ordered forms 

Both, too, are comparative psychologies 
Each finds in the lower ammals exactly tlie 


same types of processes mamfested as m man 
Each sees in human behaviour the ultimate 
compromise between the individual and his 
enwronment, though this fact is far more 
stressed by the hormic psychologist than by 
the Behaviourist But to admit the conditioned 
reflex is to admit compromise, all stimuli and 
responses not innate must be supplied by the 
individual’s environment, which includes the 
society in which he moves 

For the Behaviourist, this compromise is 
arrived at as a result of physiological processes 
The hormic psychologist sees it as the result 
of an eternal and continuous struggle betiveen 
man’s fundamental instincts and the demands 
of society All society", every ci\"ihzation, must 
be built by human endea\"our, the urge to 
w"hich IS supplied by" the instincts But the 
moment the indmidual ceases to be purely 
individualistic and joins irith his felloivs in any 
form of society, be it only a family, he finds 
that his instinctive impulses must be curbed or 
modified Some have to be in part suppressed, 
the acti\"]ty" of others must be diverted into other 
channels, a third group must be encouraged 
and stimulated 

If, as some wnters do, we group the instincts 
under the three heads of Self, Sex and Social, 
It IS clear that in order for society to exist the 
unbridled urge of the sex instincts must be 
repressed, the self oi purelv indmduahst 
instincts must be (to borrow a word from 
psvcho-anal\"sis) sublimated, that is, diverted 
towards less selfish foims of expression, while 
the social instincts need careful cultivation 

CONTRIBUTIONS TO KNOWLEDGE 
This IS putting v'ery crudely" what is in reality 
an extremely compheated proposition, but per- 
haps a broad generalization w"ill best serv"e 
here It wall not, presumably, be assumed 
from it that the sex instincts must be entirelv 
suppressed, or that the instinctive emotions 
connected with sex do not play an important 
part in the building of any" society" 

Both Behav"iounsm and hormic psy"chology" 
can be and hav"e been applied to problems of 
everyday life Any intensive study of human 
behav"iour scientificallv" conducted must result 
in knowledge that will prove of use in the 
direction of human behav"iour The contii- 
bution of Behav"iourism is mainly", though not 
entirely, limited to problems of infancy and 
childhood Hormic psychology" tends lather to 
mcike clearer social problems 
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GUARDIAN OF DEPARTED SPIRITS 

Totem poles liaxe a clamush significance, or deal mth tribal history The nhite races use sculpture am 
painting as media of artistic expression, whereas American Indians, Maoiis and others use xxo'' 


FREUD AND PSYCHO-ANALYSIS 


H ormic psychology presents a picture of 
cmlired society as a ivorking compromise 
between the primitive instinctive urges of man 
and the rules of any social organization Psycho- 
analysis reveals what it has cost man to make 
this compromise 

No other modern psychological theory has 
received a tithe of the attention devoted to 
psvcho-anal) SIS None has had more enthus'- 
astic adherents or more bitter opponents 
Psycho-analysis has been svelcomed in some 
quarters with fervour amounting to idolatrv, 
It has been execrated in others as the ioulest 
body of doetrmc that e\ er proceeded from the 
mind of man In one instance at least it s\as 
banned for \ ears bv the entire body of medical 
and scientific opinion throughout a whole 
country' It IS still very incompletely under- 
stood bv the majority of both its fnends and 
Its enemies 

In \iew ol such a state of affairs it will be 
well to begin by endeavouring to find out what 
the word psycho-analysis actually stands for 
The answer should make us very' wary' of 


pronouncing a hasty judgment on this muc 
discussed subject, lor we find at once th 
psycho-analysis mav' be defined in at l^a 
three wavs 

First, It IS a method of medical treatme. 
for one group of nervous disorders — tho 
called in medical language the traiujcren 
neuroses, and consistingol three tvpes of neuiosi 
the anxiel}-hys<erta, the Lomerston-liysteria, a* 
the obsessional neurosis This is the onginal a 
most restricted sense of the word 

Second, it is this method adapted for genei 
enquiry into the nature of mind and particulai 
ol the lower, or unconscious, depths of the min' 
Third, It IS the scientific thcorv' of the natu 
of rmnd evolved by Dr Sigmund Freud 
explanation of the facts observed and t 
conclusions arrived at bv piactice of the chnn 
methods mentioned above In this sense 
has been described bv Dr Ernest Jones, t 
leading Bntish psvcho-analvst, as “ practica 
svnonvmous with ‘the science the uno 
scious,’ ’ and Freud himself has stated t’ 

“ Psycho-analysis aims at and achieves nothi 
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more than tlie discovery of the unconscious in 
mental life ” 

To these three definitions there ought perhaps 
to be added a fourth, for of recent years the 
theory and technique of psycho-analysis have 
been applied to explain human behaviour in 
various fields of social activity and at various 
periods of history In particular, the ongm 
of many social practices and customs has been 
investigated psycho-analy tically Freud him- 
self has imtten on Totem and Tabu, ivhile his 
disciples have made exhaustive researches in 
the fields of folk lore, mythology, legend, and 
literature 

UNDESIRABLE THOUGHTS 
There is little doubt that most people think 
of psycho-analysis chiefly as a theory, though 
they are probably aware that there is a method 
attached to that theory According to Freud 
the importance of these ti\o aspects ought to 
be reversed “ As a science,” he has declared, 
“ psycho - analysis is characterized bv the 
methods with which it ivorks, not by the 
subject matter ivith is’hich it deals ” 

This IS a hard saving, because undoubtedly 
It IS against the theorj' of psycho-analysis, or 
at least against certain paits ol that theory', 
that opposition has chiefly been directed 
Had psycho-analy'sis i emained simplv a medical 
treatment for nerv'ous disorders vers' little 
would have been heard of it, at any' rate 
outside professional circles 

^Vhat, then, is tins theory, and why has it 
moused such opposition ^ To begin w'lth, 
Freud postulates three groups of mental pro- 
cesses, consaous, preconscious and unconsaous 
The conscious mental processes are those of 
w'hich one is fully awaie at any' given moment, 
the preconscious those W'hich he latent on the 
fnnge of consciousness and can become con- 
saous at any time, the unconscious those 
of W'hich one is not aivare and w'hicli under 
ordinary arcumstances cannot become conscious 
This postulate is often represented diagram- 
matically' by three lay'ers, consciousness being 
show'n as the top one, preconsciousness the 
second, and unconsciousness the third and by' 
far the deepest layer This representation, and 
the name “ depth psychology ” w'liich has been 
applied to psy'cho-analysis, must be understood 
as purely illustrative, mental processes arc in 
no W'ay subject to limitations ol space, and the 
lay'ers have nothing whatev'er to do w'lth the 
area of the physical brain. 


The mind can be acted upon ather from 
without or within External stimuli trans- 
mitted through the sense organs from -wathout, 
or instinctive agencies from ivithin, stir the 
mind to activity All mental acts begin in the 
unconscious, some go on developing until they' 
rise to consciousness, others get no further than 
preconsciousness, ivlule a third group remains 
buned in unconsciousness Hmv far a thought 
gets depends on w'hat amount of resistance it 
meets as it develops 

The nund cannot prevent the entry of 
thoughts into itself, but it can and does exercise 
a strict control ov'er admission of thoughts to 
Its preconscious and conscious areas Freud 
calls the mental agency which thus picks and 
chooses thoughts the censor, or more fully the 
endops^chtc censor, and holds that its mam 
activity' IS directed to preventing undesirable 
thoughts from emerging out of the unconscious 
into the preconscious Such thoughts are said 
to be repressed , because any attempt on their 
pait to rise into consciousness meets with 
resistance 

There is also another form of repression In 
the early' years of life innate impulses in the 
child come into sharp conflict w'lth the laws of 
organized society' The child mind accepts 
those laws bv' thrusting back its unlaw'ful 
impulses into the unconscious 

The phiase “undesirable thoughts” must 
not be taken to be sy'nonymous witli unpleasant 
oi immoral thoughts, the teim denotes simply' 
thoughts v\hich, if allo-wed to rise into con- 
sciousness, W’ould conflict lath thoughts already' 
there This w'armng is all the moie necessary 
because undoubtedly many' of the thoughts 
kept repressed in the unconscious area of the 
mind are what society' regards as unpleasant 
or immoral 

NATURE OF THE MINT) 

So far i\e have dealt w'lth the structure of 
the mind, it is necessary also to inqmre into 
Its natuie Its basis, say's Freud, is an imper- 
sonal, unconscious well of mental energy', made 
up largely of pnmitiv'e instinctive urges Tlus 
basis he calls the id, or “ it ” 

Quite early' in life that part of the id, draira 
from all three regions of the mind, which has 
to establish relations betiveen the indmdual and 
the outside woild of people and things, becomes 
pervaded w'lth a sense of personality It has 
been named the ego (Latin for “ I because 
it represents the conscious self 



PSYCHOLOGY THROUGH THE \GES 


As one might expect, the ego part of the mind 
learns that in the isorld ^^^th ^\hlch it has to 
deal certain things are done or not done, m 
other \\ords, that society imposes rules It 
accepts those rules, and consequently begins to 
frown upon certain of the more pnmitivc 
impulses ot the id 

CONSCIENCE 

As development proceeds, and it becomes 
more and more apparent to the ego that the td 
must be hept firmly under control, the former, 
so to speak, details a portion of itself to act as 
sentry and to is'arn it whenever undesirable 
impulses from the id threaten to force their 
way into consciousness This sentry is called 
the super-ego, and it is this -which exercises, at 
the bidding of the ego, censorship over the entrq’ 
of thoughts from the unconscious to the 
conscious 

The super-ego corresponds to what ordinary 
people call conscience, and is responsible for 
the feelings of guilt we all experience concern- 
ing acts or thoughts ivhich are contrary to 
accepted religious, moral, ethical and social 
law's Man is unique among the animals in 
developing a super-ego 

Why must this stnet censorship and strong 
pressure be maintained against the content of 
the unconscious^ If we are not aw'are of w'hat 
IS in that area of the mind, if the content of 
the unconscious cannot ordinarily rise to con- 
sciousness, why is It necessary so perpetually to 
guard against it^ 

Because the thoughts, ideas and impulses in 
the unconscious, though latent, are active, and 
arc perpetually endeavounng to force their 
way into consciousness In spite of all the 
precautions of the ego, they succeed in a vanetv 
of ^says, notably in dreams (including da-j- 
dreams and reveries), and in the slips of the 
tongue and of the pen and the odd little for- 
gcttings which one experiences so regularly m 
everyday life 

RELIEMNG THE TENSION 

The activ'c, or dynamic nature of the uncon- 
scious IS due to Its ongin in the instincts Here 
Freud’s thought is closely parallel with that of 
the hormic psv'chologist, and antithetical to 
that of the Bchaviounst He distinguishes 
clearh between a ph^'siologicil stimulus, a 
mental stimulus and a stimulus of instinctual 
ongin 

“ A stimulus of instinctual origin ” he savs, 
“docs not insc in the outside world but from 
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within the organism itself’ “ \n cxtcmil 
stimulus acts as a single impact, co tint 

it can be discharged bv a single appiopnUc 
action, ’ but “ ^n instinct never arts is 

a momentarv impact, but alwavs as a constant 
force,” and “ as it makes its att ick not from 
without but from VMthin the organism it follows 
that no flight can av'ail against it ’ 
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WITCH DOCTOR OF NEW GUINEA 
Fiend denies all iclusioii fioiii the siipcrstilioii 
practices of pnmiliie races A iiitch doctor usuall 
exercises pricsth functions 

So we have this persistent, tremendous pres 
sure upv\ards from the instincts into th' 
unconscious countered b^ an cquallv persisten 
resistance dov\Tiwards from the super-ego, tbi 
most moral part of our minds Obviouslv thi 
IS a situation v\hich will give nsc to acut' 
mental tension and strain v\hcncvcr th 
instinctual needs cannot be given adequat 
satisfaction within the fiamcwork ol rules whir 
socictv has laid dov n for its ov n protcctior 
The service which psvcho-''nalvsis has ren 
dcred to humanitv is that it has discovered 
method which gives access to the unconscioi 
and can in some cases relieve the tension an 
strain found therein It has been justlv clainw 
for this V oung science that it can be distinguishc 
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“ from the other branches of psychology by the 
fact that it takes cognizance of the causes and 
the effects of mental suffering ” 

Fieud did not, strictly speaking, discover the 
unconscious area of the mind The existence 
of this had been at least suggested a centuiy 
before his day But he is the first man 
systematically and scientifically to explore it 
Its material, as we have seen, is largely 
supplied by the instincts It contains, not only 
repressed thoughts but also inherited urges and 
tendencies handed doivn to us through countless 
ages Freud does not attempt to say how many 
instincts there are He has proposed the classi- 
fication of piimaiy instincts into tivo groups, 





INSTITUTE or INDUSTRIAL PS\ CHOLOGT 

PSYCHOLOGY IN THE FACTORY (I) 
This gill was wicowfoi lably seated opposite iieithei 
polishing bvff Polishing “soap ” on the piotective 
cw tains iwj occasionally blown into her face 


the self-preseriahve or ego instincts, and the 
sexual instincts, but he regards this classification 
more or less as a makeshift Psycho-analysis 
so far has largely concentrated upon the second 
group because it has been found “ with really 
surprising regularity ” that mental strain and 
suffering, and neurotic disorders, are the result 
of repression of sexual impulses 

OPPOSITION TO PSYCHO-ANALYSIS 

It is because of this finding and of the nature 
of the sexual life of man -which Freud has 
disclosed that the bulk of the opposition to 
psycho-analysis has arisen For Freud has 
developed a theory of sexuality \vhich has been 
widely and bitterly resented In particular hic 
belief in infantile sexuality has aroused fierce 
opposition 

“ It IS not at all true,” he says, “ that the 
sexual impulse enters into the child at puberty, 
as the devils in the gospel entered into the 
swine The child has his sexual impulses and 
activities from the begmmng, he brings them 
with him into the \uorld and from these the 
so-called normal sexuality of adults emerges by 
a significant development through manifold 
stages ” 

It is at once evident from this statement that 
Freud’s conception ol sexuality is very different 
from that of the man in the street, and indeed 
from that of many scientists Before Ins time 
It had ahvays been univei-sally agreed that the 
young child w^as quite devoid of sexual impulse, 
ivhich It first began to experience after the 
onset of puberty Fieud utteily denies this, 
and consequently has been accused of defiling 
the age-old conception of the innocence and 
purity of infancy This accusation is hardly 
fair 

CAUSE OF NEUROTIC DISORDERS 

Accoiding to Freud, the sexual instinct of a 
noimal adult is a very complicated one w'hich 
has to be giadually built up of a number of 
components If, as frequendy happens, these 
components fail to meige harmomously in an 
individual, then stiains and tensions and in bad 
cases neurotic disorders are bound to ensue 

The infant, says Fieud, is born iNatli sexual 
impulses These do not, as in mature adults, 
centie round the genital oigans and the sexual 
act They are first manifested in what are 
called oral activities, that is, those connected 
w'lth the mouth, sucking, sivalloiving, and 
somew'hat later, biting, being the chief 
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PSYCHOLOGY IN THE FACTORY (2) 

These new benches enabled the giil to sit comfoitablv at buffing, and obliged bet to stand foi the inino 
process of glossing Seats were adiiistable in height and distance font the bench, dust i\as extracted b\ 
fans, and finished work coveied Output was inci eased bi twchc per cent 


Why are infants so readily and regularly 
pacified by a “dummy teat”^ Because the 
action of sucking in itself, without any reference 
to food, gives a sense of pleasure tvhich satisfies 
an innate sexual impulse Why do so many 
young children suck their thumbs, and why is 
this habit so hard to breaks For precisely the 
same reason Similaily all young children 
pass through a stage when biting their toys is 
their chief occupation 

BREAKING OF HABIT 

The breaking of habit raises a question of 
Mtal importance Any thwarting of impulse, 
that IS, arrest of instinctual desire without 
provision of an altcrnatn e avenue of satisfaction 
induces the feeling of fiustiation, which in its 
turn proiokcs feelings of hatred and rage 
Anyone who has obserxed the bchaMour of 
infants and \cr\’^ voung children knows that 
their emotional experiences aic cxticmcly 


violent and quite unconti oiled There i 
nothing in the beha\iour of a noimal adult t 
equal an infant’s lagc, he howls, screams, beat 
his fists and kicks his legs in unrestrained p ^ 
Sion, and the parowsm continues — uni 
attention is di\‘crtcd — until exhaustion rcduc 
the child to somnolence 

FRUSTRATION AND FIX \T10N 

Constant frustration embitters the chil 
mind, with the result that anger — which i 
Itself IS neither good nor bad — is incrcasingl 
emplo\cd in useless, and therefore cncrg\-was 
ing and harmful wass Hence the Mt' 
importanrc from birth of wise training • 
children 

Fiustration mas lead also to what is callc 
fixation fixation is meant arrest of norm 

dciclopment at a stage 1 eforc comple 
de\elopmcnt is reached This ma\ occur , 
almost an\ stage, but is most frequent at tl 
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later period, called narassism, to i\hicli refeience 
\\-iU be made in due com-se 

The first stage in sexual de\ elopment is 
called auto-erotism, that is, self-lo\e The child 
finds Its gratification of sexual impulse in its 
oi\Ti body, fiom ivhat are called the erotogenic 
zones, that is, those parts of tlie body i\luch 
gi\ e particular satisfaction to tlie sexual 
impulse Among these zones the gemtal oigans 
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COMFORT AT WORK 
Tlie comfortable working position obtained by 
properly designed benches and adjustable chairs 

are numbered, but at this stage diey play only 
a lelatnely msigmficant part 

As we ha\e seen, the first of tlie erotogemc 
zones to be affected is the mouth, or moie 
especiall) the hps This is because of the 
intimate relationslup between sucking and the 
taking of food b\ tlie infant Parents take little 
exception to this mamfestation of sexual impulse 
(unless it begins to demonstrate itself in an 
objectionable ivay, as for example thumb- 
sucking), because they themselves ha\ene\er 
outgrown it With few exceptions, people find 
sexual satisfaction in kissing throughout their 
lives 

The next stage in sexual development is, 
to adult minds, far less pleasant In the 
auto-erotic stage the infant, while findmg 
gratification in its owm body, does not realize 


that body as its oim The sense of indiwdu- 
ahty has not yet emerged This is ewdenced 
by the fact, -which all parents know, that the 
child in learmng to speak ne\ er refers to 
himself as “I” He alwaj's sa^'s “Baby does 
this, ’ or “ Baby hkes that ” 

CONSCIOUS SELF-LO-S-E 
But before long comes the period of self- 
disco\er)' The child learns to distmgmsh its 
own body from external objects, and to love 
It wath a personal lo\e Tins is the stage 
of narcissism, or conscious self-lo\ e (The 
name is taken from the classical myth of 
Narassus, the beautiful -jouth who grew so 
enamoured of his oivn lo\ elmess that he spent 
lus hfe gazing at his reflection m a pool until 
he pined away, and \\as transformed by the 
gods into a flower) 

Upon disco\er}’- of his bodv as a lovable 
object the child naturallv begins to explore it, 
and equally naturallv finds his way to otlier 
of the erotogemc zones Tins results m what 
IS called tlie anal-sadistic stage 

This portmanteau word signifies a stage at 
winch great interest is taken in tliose parts of 
the bodv' (the anus in particular) which are 
concerned with the excretory functions, and 
much pleasure in the production of excrement 
It is marked in behav lour b> lov e of noise, of 
racketing about and often of cruelty (sadism 
means love of being cruel to others) 

REPRESSED IMPULSES 
It IS clear that impulse and training are 
hable to come into ver)" sharp conflict during 
the anal-sadistic period Adults regard excre- 
ment with aversion, and the human excretory^ 
processes as ones to be performed in strictest 
pnv^acy They go so far as to chshke being 
seen going to or coming from the place of 
performance, and they utterly ban the subject 
in all pohle conv'ersation 

To tlie young cluld tins attitude is qmte 
foreign and at first utterly incomprehensible 
He regards his excrement v\ith a cunous mterest 
(is It not a product of the wonderful body he 
is just discovering^), he finds the excretorv' 
processes both satisfying and pleasurable, and 
consequendy he prolongs them to the utmost 
hmit, talks about them freely, considers going 
to die lav atory an important and highly 
enjoyable ev'ent — as indeed it is to him 
Soaety, m the persons of his parents, generally 
begins qmckly to frowm upon these — to them — 
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REDUCING MENTAL AND PHYSICAL FATIGUE 
With the old style of chocolate packing bench the woikei had to stand and ^\as continmillv sti etching to iinch 
the extieine ends of the jacks The different types of chocolates m etc placed haphazardh JVith tin inipraied 

type of bench {right) the woikei can leach all the racks u/ii/e seated and also use both hands 


most unpleasant and disgusting traits, and a 
penod of conflict ensues According to Freud, 
the nature and duration of this conflict largely 
determines character in after life 
If the adult point of view is readily accepted 
by the child, the conflict is slight, if it is accepted 
only as a result of continual threats and punish- 
ment, serious consequences may ensue, for the 
impulses have not been satisfied They have 
been repressed, and repressed impulses always 
spell danger 

YVHEN CHARACTER IS FORMED 
It IS not necessary that these consequences 
be immediately evident, as a general rule they 
are not, though the trained eye of the psycho- 
analyst would detect indications of their 
presence The repressed impulses are buned 
in the unconscious, they remain dynamic, and 
often emerge m terrifying form at the age of 
puberty 

It is probably during this period of conflict 
that the super-ego comes to its full stature 
Habits that give complete satisfaction to instinc- 
tual impulse have not merely to be given up 
but also regarded with disgust and aversion 
They have therefore to be thrust deeply into 
the unconscious and kept firmly there 
The auto-erotic and the anal-sadistic stages 
are passed through during the first five vears 
of life This period the Freudians, in common 
Mitli other schools of psycholog>% regard as of 
aatal importance It is commonly agreed tliat 


the mam lines of character arc laid down in 
these years, and that errors in ticatmcnt of 
children during earl) childhood cannot be 
remedied later save by special ps)chological 
technique 

This is a terrifying dictum, but its tiaith 
appears established, and one need look nc 
further for an utterly consincing argument tin 
ail intending parents should be thoioughb 
trained m the science of parenthood be _ 
they arc allowed to marry 

Public opinion has not ■^ct leachcd the poin 
of demanding that such tiaimng be madi 
obhgatorv, but the lapidiv increasing popu 
lanty of books and magazine ai tides dcalin 
with children’s behaviour problems is evident 
of a widespread and deeply felt desire on tl 
pait of parents to inform themscKcs upo 
what IS now generally realized to be a mos 
intncate and difficult business 

LEVYING THE CAUSE UNTOUCHED 

Such books and ai tides, when wTitten b 
persons w'ho know what thc\ are tailing aboi 
(unfortunately this is not ah ass the case 
serse a valuable purpose Thev awaken pcopl 
to the reahtv' and the magnitude of a mo 
important problem, thev inspire a desire ft 
further knowledge, and m manv instances th 
prev’cnt the perpetuation of gross errors i 
dealing wath children but thev arc not, at 
cannot be, anv real substitute for s\ sternal 
traimng in motherhood and fatlieihood 
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For obvious reasons most of such literature, 
and particularly the magazine article, ^vhlch is 
easily the most widely lead, has to deal in the 
main rather with cure than ivith prevention 
But, so psychologists are almost unanimous in 
telling us, by the time any behaviour problem 
has become so pronounced as to compel anxious 
attention, its complete cure is vit tuahy impossi- 
ble, save by highly skilled technical procedure 
The best one can hope loi othenvise is an 
easing of the immediate situation, though this 
may and generally does leave the cause of the 
trouble absolutely untouched It is lathei like 
expecting a stomach sedative to cure indigestion 

EMOTIONAL DISTURBANCES 

This is most clearly shovm at the age of 
puberty, ivlien the final and ciitical stage in 
the fusion of the components of the sexual 
instinct IS reached 

Many thoughtful paients diead the period 
of pubertal development in their childicn 
They knoiv fiom their reading and obsen'^ation 
that the profound physical and mental changes 
which take place behveen the ages of appioxi- 
mately twelve and sixteen are frequently 
accompanied by equally piofound emotional 
distuibances which veiy often give use to 
acute behaviour problems 

They knoiv also that the nature of these 
disturbances and pioblems cannot be pic- 
dicted beforehand, that they arc not exactly 
alike in any ts\o children, that they aic appar- 
ently quite capricious, and that thciefoic no 
line of treatment can be thought out m advance 
or carried through consistently during the 
period The child will pass from one mood 
to another foi no appaient reason, and the 
siviftly changing moods tvill resemble one 
anothei in nothing save that all arc equally 
unreasonable 

Psycho-analysis declares that the psycho- 
logical problems of the pubeital stage cannot 
be even understood, much less dealt ivith, 
without reference to the earlier stages of sexual 
development That is to say, to understand 
a child’s perverse behaviour at fourteen one 
must go back ten years and analyse what 
happened at four This is a feat beyond most 
pai ents 

After the auto-erotic and the narcissistic 
periods there follows until the onset of puberty 
a period of latency during ivhich no progress 
in sexual development is observable After 
puberty, apparently the \vhole of the previous 


development has to be gone over again The 
reason foi this is obscure 

The process of i ecapitulation natumlly takes 
place on a different level from that of the 
original development, but it closely resembles 
It because, so Freud argues, the main lines of 
development laid doivn m the earlier phases 
cannot be departed from The track having 
been laid, so to speak, every train, whether 
luxury express or humble goods, must run 
upon that track 

This theory thioivs considerable light upon 
many lutherto puzzling features in the behaviour 
of young adolescents It explains why a child 
who for years has acted ivith initiative, intel- 
ligence and sell-confidence seems suddenly to 
slip back into the more troublesome \vays of 
caily cluldhood, to become lacking in initiative, 
helplessly dependent, intolerably self-centred 
and quite uncontrolled in temper 

It explains why intelligent interests are 
dropped for futile ones, \vhy so many children 
at about fourteen develop ^\'hat is called a 
“ lavatory mind ” and delight m coarseness 
and vulgarity 

But puberty is not merely a matter of 
recapitulation of development, it maiks also 
the final and vital advance to adult sexuality 
The sexual impulse becomes centred on the 
genital organs and linked to the biological fact 
of repioduction Until this stage the child 
has been satisfied with himself as the object 
of his sexual impulses, now he is urged to 
reach out beyond himself to find m the external 
world objects for his love and desiie 

THE OEDIPUS COMPLEX 

He natuially fixes first on objects in his 
immediate environment, and generally on 
membcis of his oira family As a rule these 
are his parents From this arises the famous 
(Edipus complex, as it is called, the (usually) 
unconscious desiie of the child to do away 
with the parent of his (her) own sex and 
possess the person of the parent of the opposite 
sex 

The name CEdipus complex is derived from 
a story of classical m^dhology CEdipus ivas 
the son of Laius, king of Thebes in Greece 
An oracle foretold that he ivould kill his father 
and marry his mother To avert this dual 
tragedy, his father had CEdipus put out to die 
on the hills, as was the ancient Greek custom 
wth deformed or umvanted children To 
make assurance doubly sure he drove a spike 
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through the infant’s feet, hence the name 
(Edipus, \\hich means “ s\\ ollcn-footcd ’ 

But the child escaped death, and ^^as brought 
up by the king of a neighbouring state For 
years he remained in ignorance of the propheev 
concerning him, until it was re\ealed to him 
by a second oracle 

PREY TO DESPAIR 

CEdipus w'as so horrified by the thought that 
he would slay his lather and marry his mother 
that he left his adoptive parents and set out 
to seek his fortune m foreign parts But his 
destiny was not to be evaded He met his 
father, and, ignorant of ho he w as, quarrelled 
\vith and sleiv him 

Later he came to Thebes, and by reading 
aright an obscure oracle rid the city ol a 
terrible plague that w'as devastating it The 
giateful citizens made him their king and gave 
him the widowed queen (his mother) m 
mamage 

The two lived together happily for years, 
four children being born to them Then the 
awful truth \vas revealed, and the rest of the 
story is of unmitigated disaster Jocasti, the 
queen, hanged herself, (Edipus thrust out his 
own eyes and lived a prey to misfoitunc and 
dcspaii 

There was some mitigation of his suffering in 
his last days According to Sophocles, -who 
wiote CEdipus Tyr annus and CEdipus at Colonus, 
(Edipus felt toivards the end that he had atoned 
for his crimes 

RESOLMNG THE CONIPLEX 

Freud legards the (Edipus complex as central 
and fundamental to his theory “ It is,” says 
Dr Ernest Jones, “ the most characteristic and 
important finding in all psycho-analysis 
all other conclusions of psycho-analytical theory 
aie grouped around this complex, and by the 
truth of this finding psycho-analysis stands or 
lalls ” 

The child’s chaiactci and temperament will 
depend \er)' largely on how^ he resohes this 
complex If he can come to icgard his fathci 
(or a gill hci mothei) as a hero, an ideal, then 
all will be well, his feeling of hostility will be 
eliminated, and at the same time his affection 
for his mother (or father, in the case of a girl) 
will become a normal affection instead of a 
sexual desire 

^\hv docs this (Edipus complex arise ^ 
Because tlic cluld feels tliat the parents share 


something — knowledge, experience the 'tciet 
ol life — which he docs not possess ind iiom 
possession of which he is dehbcrattK c eluded 
b> them Therefore his desnes uige him to 
part them, to rid himself of his rnal and to 
share this secret with the pircnt of the opposite 
sex 

He imagines that the same hosiilitN he feels 
towards his parents is felt b\ them tow aids 
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(EDIPUS AND THE SPHINX 
The term (Edipus complex m psiclio-anahsis 
deined Jrom the star) of (Edipus m imtholoi;\ 

him, and that as he wishes haim to them ' 
the) wish harm to him Tins gi\cs rise t 
terrible feam and fantasies Ol course dircc 
expression of his wishes towards his parents 
repressed, and repression (alwae-s according t 
Freud, the result of fear) has to find its outh 
in fantastic imaginings, which mas in later ’ 
rc-iult in neurotic disorders 

\\hat may seem to be a dispioportiona 
amount of space has been desoted to psscln 
anahtic theory This has been done qui 
dchbcratch , for sescral icasons 

First, because of the axtraoidinaix int„i 
the thcors has aroused in e\cn cisil 
countrv throughout the world bccon 
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because theie are so many misconceptions 
about it, and tluid, because theie appears 
to be a tndespiead impression that it is a 
theor}'^ -wlucli can be stated (oi dismissed) m 
a bnef sentence or two 
Nodung could be further from the tiudi 
Psycho-ana]) Pc dieor)^ is bodi abstruse and 
subde, -what has been stated abo\e is the 
maest sketch of its mam oudmes, ivluch gives 
no idea of its almost endless rarmficaPons 
Owmg to die mipalpable natuie of its 
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TEST OF MANUAL DEXTERITY 
A mtrnber of pegs ha\e to be gathered up from the 
table in one hand and then inserted as qiiickh as 
possible into the holes in the board The score is 
obtained b\ combining the tune taken to complete 
the It hole operation, and the number of pegs dropped 
during the process 

subject-mattei, psycho-anaNpc theon' must 
necessanh suffei from any attempt to simplify 
It, and much misrepresentaPon of it has arisen 
liom this cause 

The other and moie potent cause of ims- 
lepiesentation is the hostility wluch it has 
aroused As i\all be seen from the foregoing 
account, it is a theon’^ \\ Inch cannot be regarded 
\ndi indiffeience One must eidiei accept it 
with open aims or regaid it indi profomid 
re\ ulsion 

To some people it illumines with a great 
and penePaPng hght the pioblem of human 
conduct and behaMom , in others it arouses 
the sPongest feelings of opposition to i\hat 
they regard as an utterl) foul \-iew of human 
nature 

The usual objecPon to Freudianism is that 
It IS “all sex,” that Freud attnbutes to man 


thoughts and impulses too repulsive and 
degrading to be even accepted as possible 
Tlus opposiPon aims its sharpest darts at the 
(Edipus complex, recendy described m an 
authontaPve analysis of the Freudian theory 
as “ no moi e than a piece of purely fanalul 
anthropology,” and frequently referred to 
in far less comphmentary terms even than 
that 

MANY POINTS STILL OBSCURE 
Psycho-analyPc theor)' isoU contmue to be 
a subject of dispute for many years As Freud 
lumself IS alirays the first to point out, there 
are many points in it ^\hlch are still obscure, 
wlule numerous problems t\hich it raises sPll 
remain completely umnvesPgated 

As a science, ps) cho-anal)'sis is still ver) 
young, and Freud lumself has more than once 
found occasion to moddv his \news on important 
points Tins fact, the result of a stnctly 
scienpfic atPtude, has been somei\hat incon- 
siderately used as a eapon of aPack by cnPcs 
of ps\'cho-analvsis 

Let us turn for a moment to psycho-anal)'Pc 
mediod, touclung bnefly on three points, the 
treatment of neuroses, the interpretaPon of 
di earns and die speech-slips and forgetPngs of 
e\er)'day life 

Ps) cho-anal) sis, it tNiU be remembered, began 
as a mediod of treapng one class of nerv'^ous 
disorders Dr Sigmund Freud, uho was bom 
in what IS now' Czechoslovakia, but who mo\ed 
at the age of four to Vienna, winch has ever 
since been his home, began Ins professional 
life as a consultant on nen'ous diseases 

HiTNOTISM AND HYSTERIA 
He had studied under some of the most 
disPnguished men of lus age, including the 
celebrated French neurologist Jean Marpn 
Charcot (1825-1893), from i\hom he learnt 
mucli concerning the natuie of h)steria This 
disorder, dien considered one found in women 
only, he saw treated by h)pnoPsm 

Retmmng to Vienna he set up m pracPce 
and emplo)ed h)'pnoPc suggesPon as his cluef 
insPument in dealing ^\'lth die patients ■who 
soon began to flock to lus consulPng rooms 
But diough he rapidly became a popular and 
faslnonable pln’siaan, he found lumself grois- 
ing more and more dissatisfied indi the hj'pnoPc 
method for PeaPng nervous disorders 

He could not, he discov'ered, hj'pnoPze ever)' 
paPent ■w'ho came to him , and of those whom 
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he could there were many who could not be 
put into so deep a state of hypnosis as he 
considered desirable 

In 1889 he travelled to Nancy in Lorraine 
to study the methods of Professor Bemheim, 
whose experiments in hypnotism uerc arousini^ 
widespread interest One incident m particular 
impressed Freud greatly 

BERNHEIM’S EXPERIMENT 

A patient, waked out of a hypnotic sleep, 
was asked by Bernheim to repeat ^vhat he had 
said dunng hypnosis At first the patient 
declared emphatically that he could remember 
nothing whatever Bernheim insisted that he 
could, and must Under pressure, the patient 
did, at first vaguely, and then more clearly, 
until in the end he related exactly m every 
detail the conversation in which he had taken 
part ivhile hypnotized 

Freud argued from this incident that the 
patient had had all the time in his mind 
knowledge of the conversation, but that this 
knowledge was completely unconscious, and 
vould have remained so had not a special 
technique been employed to bnng it back into 
consciousness 

This, as he has related, set him thinking 
that “ there could be potverful mental processes 
nhich nevertheless remained hidden from the 
consciousness of men ” It was not long before 
the opportunity arose to test this theory 

RECOVERING LOST MEMORY 

Some years previously he had made the 
acquaintance m Vienna of Dr Josef Breuer, a 
family physician i\ath a taste for research 
Despite the disparity m their ages — ^Breuer was 
some fourteen years older than Freud — the U\ o 
became fast fnends, sharing m common their 
mutual scientific interests 

During these years Breuer is^as, so to speak, 
the elder, -naser and more experienced brother 
i\ho freely commumcated his knowledge and 
experience to his brilliant young companion 
Among other matters he told Freud of a 
remarkable cure of hysteria he had effected 
between 1880 and 1882, by an entirely new 
method 

He had discovered that his patient, a voung 
i\oman suffenng from grievous h^-stcncal 
symptoms including recurrent states of mental 
confusion, could be relieved if she could be 
induced to talk about the particular fantasy' 
%shich -was at tlie time oppressing her mind 


a-t] 

So he began to ha-pnotize her, to disco\cr 
dunng hapnosis the fantasy in question, and 
then after she had waked, to get her to recall 
the memory' of the Inqmotic comcrsations 
So 'oon as she did this, the Insterical s\mi 3 loms 
disappeared Breuer thus pro\ed to his own 
satisfaction that the s^maptoms were caused b\ 
a loss of mcmor>'^, and tliat when that mernoia 



Tin Tr oi j m «.TRUi i •\r»ioLu'' 


TEST FOR MACHINE WORKERS 
B\ combining the nioienicnts of the two handles thi 
pencil can be made to trace loimd the circle Tin 
degree of speed and acciiraci ii ith ii Inch the siibjcc 
could perform this test would gne a good mdicatioi 
of the degree of proficieiicv which he would probabh 
attain with actual machines emploimg similar ham 
nio\emciits 

was recovered the svanptoms were automatical!' 
removed 

Freud adopted Breuer’s method and foiiiii 
It extremely successful In 1893 the tw( 
published a bnef account of their work ii 
this new field, entitled On the Psychical Mechamsi 
of Hysterical Phenomena T\ o vears later the 
followed this paper wath a full length \olum 
called Studies on Hjsteria In this bool is t 
be found tlie first tentative approach to th 
theory of psv cho-analy sis 
The book dealt with the ongin of symptorr 
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in hysteria by suggesting that an hysterical 
s^rmptom is as caused by the damming up of 
an emotion This emotion, being compelled 
to expend its energy in some ivay or another, 
and being denied the noimal channels of 
satisfaction, found an abnormal one which 
resulted in the symptom 

FREUD’S TURNING-POINT 
Tins led the investigatois to two conclusions 
fimt, the extreme significance of the emotional 
hfe, and second, that it was essential to make a 
distinction beti\een conscious and unconscious 
mental acts Clearly, no person ivould 
consciously induce in himself symptoms of 
disease 

So fai Bieuei and Freud had been i\orking 
together hand in hand, ^vlth Bieuer in the 
position of senior partner, if not, perhaps, 
altogether as the leading spirit The tw'o 
diffeied on vaiious points of theor}^, but not 
to a degiee leading to seiious disagreement 
But shortly after the publication of Studies on 
Hysteria Fieud made in the couise of his clinical 
experience a momentous discoier}', ■which w'as 
to prove the turning-point of his hfe, and to 
pait him foi evei as an investigator from Dr 
Bi euer 

It IS an illuminating commentaiy on the 
criticism sometimes made that Freud has 


evolved the theory of psycho-analysis in defiance 
of facts, that nobody -^vas more startled or taken 
aback by this discovery than the discoverer 
himself 

In his mra ivords it w^as that “ I now" learned 
that it ivas not any kind of emotional 
e'^citation that was in action behind the 
phenomena of the neurosis, but habitually one 
of a sexual nature, ivhether it ivas a current 
sexual conflict or the effect of earlier sexual 
experiences ” 

This discovery cost Freud his popularity as 
a physician, for he -was impelled by it to ques- 
tion hib patients concerning their sexual hfe, 
a procedure ivhich not unnaturally large num- 
bers of them strongly resented Yet from others 
he ivas able to gatlier convincing evidence in 
support of Ins theory 

WANDERING TRAINS OF THOUGHT 

Firmly persuaded that every mental phe- 
nomenon had as precise a cause as any physical 
one, Freud pressed on wath his investigations 
The greater his clinical experience greiv", the 
more he became convinced that the causes of 
present mental stiain and suffering were, as a 
rule, to be found in events w'hich had occurred 
caily in the patients’ lives and the memory' of 
w'hich had long since passed from consciousness 
to be buried in the depths of the unconscious 

It was therefore 
essential to find a uni- 
\ crsally successful 
method of bnnging 
back to consciousness 
these “forgotten” 
memories So long as 
they remained, latent 
)et active, in the un- 
conscious, they ■were 
like festering cancers 
in the mind, poisomng 
the entire mental 
system 

The method finally 
adopted ivas ivhat is 
called free association 
The term at once re- 
calls the oldei psycho- 
logical one of 
“ association of ideas,” 
and it IS indeed this 
principle called into 
service to deal with 
the unconscious mind 



Used foi selecting men for occupations m which it is necessarv to woiK i ith 

tools in a test noted space 
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TEST FOR BISCUIT PACKERS 

Three of the star-shaped pieces of wood ha\c to be collected in one hand front 
the tra\ and placed in one operation in the smaller receptacle 


Freud began his ax- 
penments leading to 
the use of this method 
by asking patients to 
concentrate and try to 
recollect events which 
might be conceivable 
causes of their symp- 
toms This technique 
was successful up to a 
point, but as it in- 
\ olved constant urging 
on the part of the 
physician to overcome 
the reluctance of the 
patient to disclose inti- 
mate or apparently 
irrelevant matter, or in 
other words to over- 
come the mental 
resistances of the 
patient, it proved to 
be intolerably fatigu- 
ing 

Moreover, it was far 
irom pcrlect The re- 
sistances of some patients could not be over- 
come, and even w'hen they were, it was only a 
partial truth that tv as revealed An endless 
deal of time was spent tracking the origin of a 
single sy'mptom, only to find that this was 
closely linked up w'lth other syrmptoms, and 
that the long and w'earisome road of con- 
centrated recollection must be travelled again 
to track down their causes 

Faced wath this situation, Freud made a 
brilliant and daring generalization He had 
no belief w'hatever in “ chance ”, nothing ever 
happened in the mind “ by accident ” There- 
fore, he argued, those w'andenng trains of 
thought which invariably' pass through the 
mind m moments of relaxation could not be 
” accidental ” Their course must be deter- 
mined by something That something must be 
the unconscious 

So he changed his methods Instead of ask- 
ing his patients to concentrate he asked them 
to relax, to make their minds blank, and then 
to relate, without omission and wathout in 
any way gmding or directing their thoughts, 
whatever thoughts came into their heads In 
this w a^ the w hole tangled netw ork of thoughts 
leading to the roots of the trouble would in 
lime be laid bare 


This procedure is, as mav be imagined, vciy 
long and often verv difficult It is not casv for 
am one to make his mind a complete blank 
It is infinitely harder for him to avoid guiding 
his thoughts The mind plav s cv’erv concciv able 
trick it suppresses some thought' as inclcvant 
others as too intimate to be mentioned It 
distorts thoughts, robs some of then significance 
giv'cs others an exaggerated significance 

But pursued wath skill, tact and tcnacitv, tin 
method gives the psycho-analvst all the materia 
he wants for making his analvsis \otc tha 
the free association is not the analvsis it is tin 
method which supplies the raw matenal fo 
analvsis 

This distinction is verv important for v hci 
the thought-material has been gathered it h" 
still to be interpreted Tins inteqrretatio 
constitutes the analvsis it is also a long an 
intncate business which should never b 
undertaken save bv a highlv-liamcd analvs 

It mav' be advasablc to intcrpo'c a w-'rnin 
against rushing light-heartcdlv into ps» r!u 
analvtic treatment The analvst is the fin 
person to corroborate this v -'rning “ Remeri 
ber,” savs the Rev Leslie D \\ eathcdiead t' 
popular minister of the Ciiv Temple Londoi 
who IS himsc'f an '’•’alv;' “that -'naive c 
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lengthy, expensive and often distressing treat- 
ment my ad\nce to people is to think of 
it as one thinks of a major abdominal operation 
Avoid it if you can ” 

The unconscious mind does not work in the 
same way as the conscious It has no idea of 
time, It makes no distinction between yes and 
no, it does not express itself in ivords but in 
non-verbal images which are frequently sym- 
bolic It has nothing of ivhat we call pmver of 
judgment, but is, to put it crudely, one vast 
mass of ivishes entirely governed by what the 
psycho-analyst calls the pleasure-pain principle, 
that IS, their one and single aim is to seek 
pleasure and avoid pain The principle of 
reality affects the conscious mind only 

INTERPRETATION OF DREAMS 
The thought-processes of the unconscious 
have been most fully woiked out m the intei- 
pietation of di earns Quite eaily in his 
emplojunent of fiee association Fieud began 
to find that di earns bulked laigely in the 
material supplied, he set lumself to investigate 
their oiigin and meaning, \sath the result that 
dream interpretation came to occupy a central 
position in psycho-analysis 

One leason for this is that ■while rclativelv 
fe\v people become what the doctor calls 
nemotic, piactically everyone dreams If it 
can be shown that di earns have a meaning, 
and that they lesult from activity of the 
unconscious, then psycho-analysis at once has 
meamng for everjnne, and not merely for those 
suffering from obvious nennus disorders 
Further if it can be shoAvn that the thought 
processes which result in dreams are similar 
to those productive of neurotic symptoms, then 
it at once becomes proved that the neurotic 
differs from the so-called normal person only 
m the degree or intensity of stiain he experi- 
ences and in the strength of the resistance 
ivhich the conscious mind can put up against 
the impulses of the unconscious 

This Freud claims to have done His claim 
remains unacceptable to the majority of scien- 
tists and psychologists, in fact, it is acceptable 
in its entirety only to psycho-analysts But if 
It can be shoivn to be valid — and time alone 
can do that — then it constitutes perhaps the 
most sigmficant and illuminating discovery 
ever made in the realm of psychology 
For it means that we have at hand an 
instrument which reveals the hidden springs 
of all human behaviour, and shows us the way 


to control and direct the fountain of human 
energy 

The first point that usually strikes any 
person about the dream he has just experienced 
IS its apparently absurd mixture of the ordinary 
and the fantastic The second is probably the 
lapidity wnth which the dream fades from the 
memory 

There are, it is true, pai ticularly vivid dreams 
the memory of -which ivill remain ivith us for 
years, but as a general rule a dream is already 
slipping from memory by the time we are fully 
awake, and unless consciously recalled at once 
IS forgotten by breakfast time In many cases, 
indeed, we can on waking recall nothing of the 
dream We know we have dreamed, and that 
IS all 

Now to Freud, with his unvarjang belief that 
all phenomena, mental as well as physical, 
must have precise causes, all these and many 
other points to be noted about dreams must 
have significance 

When he began lus investigations scientists 
believed that dreams ^vere disturbances of 
sleep caused by external stimuh Freud became 
convinced of the exact opposite, that the purpose 
of dreams ^vas to preserve sleep 

The starting-point \\'as certainly a stimulus 
of some kind, which might be eithei physical 
or mental, external or internal This stimulus, 
if not dealt ^\^th, threatens to awake the sleeper 
The dream therefore links on to the stimulus 
some ^\^sh — an unconscious and usually a 
repressed one — ^iveaves the two into an experi- 
ence appearing to gratify that ivish and so 
keeps the mind happy and the sleeper still 
sleeping 

UNCONSCIOUS AVISHES 

In the dreams of very young cluldren this 
process of wsh-fulfilment may be observed m 
all Its simplicity A small boy at dinner one 
day IS given some dish — ^say a favourite pud- 
ding — of ^vhlch he feels he has not received a 
large enough portion The thought remains 
Avi^ him and persists during sleep, threatening 
to disturb his rest, so he dreams of a gigantic 
pudding of which he eats the lot 

Adult dreams are much more comphcated, 
but Freud maintains that every one is similarly 
a -wish-fulfilment He does not say, as he has 
been misrepresented to say, that all dreams 
are fulfilment of sexual wishes Many of them 
are, but not aU 

The elements which go to compose a dream. 
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SYMBOLICAL PICTURE OF THE CONSCIOUS AND THE UNCONSCIOUS 
The diffcieiice, according to the ps\cho-anahst, between our minds during the da\ and at mght In tl 
doMune our conscious mind reigns supreme , the censor, represented here b\ a policeman, keeps o ir tho igh 
orderh and coinentional At night the censorship is relaxed, and iinconicioiis desires t cll up from tl 
deeper layers of the mind, to find satisfaction in the w ishfiilfiln ''ti, of dreams 
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then are a stimulus of some sort and a uash 
from die unconscious Tins is the la<ent content 
of the dream But this latent content does not 
penetiate into the consaous experience of the 
dreamer 

Unconscious mshes are of such nature that 
diev cannot be aUoived in the consaous mind 
even dmmg sleep They must be transfoimed 
into a piesentable state This piocess of trans- 
foimation is called the drsamwo)k, and the 
lesult IS the manifest content or the dieam as 
actually expenenced 

“ROYAL ROAD TO THE UNCONSCIOUS” 
Tins tiansfbrmation, or distortion, of the latent 
content of a dieam consists main'^ of three 
piocesses condensation displacement, and s^m- 
bohsm Condensation consists ol making a 
single composite picture of tivo oi moie per- 
sons Ol places or of taking elements from a 
vanctv o^ persons oi places and building them 
up into a picture Displacement consists in 
making sigmficart peixons, places or eients 
insigmficant and \ace \ ersa 

Conceimng s^•mbollsm a i\holc chaptei could 
be i\Titten Most s\ mbols are sexual and many 
are unnersal Quite a bodv of liteiature has 
aiisen round this subject and to that hteratuie 
the cuiious reader is rcferied Anyone who 
accepts the ps\ cho-anah tic theory’' will find it 
both inteiesting and illuminating, others will 
^nthout doubt find it nauseating 

In addition to distoi tion, there occurs, at the 
moment oi waking, a further ti ansformation of 
the dieam -uhich is called secondary elabora- 
tion This piocess continues aftei one has 
woken up and is lesponsible foi whate\cr of 
coherence or order there appears in a dieam 
as recalled and related 

The value of dieam interpretation lies in the 
fact tliat so often it re\eals both ivhat current 
thoughts are troubling the unconscious and 
also the e\ents of lnfanc^ or earh childhood 
which are emotionalh linked iMth such 
thoughts So highly does Freud think of 
dream anahsis that he has desciibed it as tlie 
“ro^al load to tlie unconscious” 

It ^\^ll be lemembered tliat Freud and 
Breuer earl) found tliat neuroses is ere caused 
by damming up of an emotion, and that this 
damming up caused loss of memoi')’- It wall 
fuither be remembered that Fieud sousrht to 
estabhsfi the fact that the neurotic diffei's from 
the noimal person only m degree— -m other 
is’-ords, that is'e are aU more or less neurotic 


In support of this claim he finds connncing 
endence in tlie slight errors in mental processes 
that afihet all of us 

Every person knoss's occasions is^hen he has 
the name of a person “ on the tip of his 
tongue,” but cannot for the life of him remem- 
ber that name Everymne of us has at some 
time or another put an important letter in his 
pocket, intending to post it in the first pillar- 
box — and forgotten all about it for hours, or 
It may be days Or ^\e keep forgetting some 
commission -we are asked to perform, though 
reminded of it as:am and asrain 
Similarly, ^\e make shght mistakes m our 
ordinai^’^ everyday speech, and sometimes, 
though less often, m our ivTiting Probably 
everyone of us has at some time or another 
answered “No” when he meant “Yes,” or 
vice \ersa, said “ 1 11 see vou on '\Vednesda\,” 
when he knows peifecdy well that Thursday 
is the day of the appointment, run two words 
together, or used a \\ord opposite m meamng 
to the one he intended to use 

hlost people put these little shps of e\ erj'da) 
life down to “acadent”, tlie very name 
“ shps ’ suggests an unintentional, capncious 
origin Yet not all such slips are excused e\en 
by ordinan' folk The husband is ho forgets 
to bring home the meat his isafe asked him 
to call for IS met with the reproach “ Of course, 
)ou would forget just that one thing” The 
child who forgets lus homework is reminded 
that he neser forgets to ask for his pocket 
mone\ The man who comes to an appomt- 
ment only to find that the other person has 
foi gotten It feels slighted and humiliated 
Freud maintains that t.\cry single one of 
these shps and forgettings has its cause m the 
influence of thoughts in the unconscious, that 
is, repressed thoughts \\ Inch the conscious rmnd 
wall ha\e nothing to do with, but \\hich keep 
obtruding themsehes in this manner, and are 
a certain indication of the leal trend of a 
person’s emotions 

SLIPS AND FORGETTINGS 
There must be, sa)s Freud, a moti\ e for our 
not washing to remember -w'henever ise forget 
to do something That the moti\e is uncon- 
scious IS ob\aous from the fact tliat is e frequendv 
forget just the very tlung ise are consaously 
most anxious to remember Siimlarly, there 
must be a motive, again usually unconsaous, 
behind e\ery slip in speech 

People \sho borroiv books or other articles 
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and persistently “forget” to return them will 
be interested (and probably indignant) to learn 
that the psycho-analyst holds this habit to be 
due to their acquisitiveness, and that in their 
innermost minds they have no intention of 
returning the borrowed article, but intend if 
possible to add it to their own possessions 
Those people who view^ with apprehension 
the growing toll of death on the roads wall 
find food for thought in the Freudian theory' 
that numerous accidents are the result of 
repressed murderous or suicidal tendencies 
Similar tendencies are manifested in the 
domestic servant w'ho, shoitly after having 
been reproved by her mistress, “ accidentally ” 
breaks a piece of china 
This part of the Freudian doctrine is not 
disputed so violently by common opinion as is 
much of the rest of psycho-analysis The 
phenomena it discusses and their causes are 
only too obvious, as is evidenced by the frequent 
misunderstandings and quarrels which daily 
arise between people on account of just these 
very slips 'and forgettings 

FEELING OF INFERIORITY 
The more sensitive a person is, the moie 
easily he penetrates beneath the surface to the 
underlying cause of one of these eirors in 
mental functioning He accuses the peison 
concerned of this cause, the accusation is 
indignantly rebutted and a bitter quarrel 
follow's — rendered all the moic acrimonious 
because the one who has made the slip knows 
at the back of his mind that the accusation 
IS just — and this very fact impels his conscious 
mind the more strenuously to deny it 
Freud’s theory of psycho-analysis has not 
received universal acceptance even from those 
w ho w ere at first enthusiastic disciples Shortly 
before the ^Vorld \Var there occurred tv\o 
notable secessions, headed respectiv'cly by 
Alfred Adler (1870-1937) of Vienna, and Cail 
Gustave Jung (born 1875) of Zurich Both 
broke w'lth Freud on the vital question of the 
importance of se\uahty in mental life 
Freud accepted these secessions vnth equan- 
imity he merely requested Adler and Jung 
not to refer to their doctrines as psycho-anahsis 
As a result, Adler called his Indivndual Psy- 
chology, w hile Jung chose the name Analy tical 
Psvchologv' 

Adler is famous for his theory^ of the 
“ infciioiity' complex” He believed that for 
c\ci-y' individual person the scheme on which 


memorv is built up is different \ set o! 
emotional motives forms the nucleus mound 
which the memories gatiici Tins set is difier- 
ent for each individual in some persons it 
wall be sexual in character but not in anv 
means in all 

The principle determining tiic nucleus is eon- 
sciousncss of a need Flic individinl O’ginisin 



k» '•s ronpArr elte ’ 

DR ERNEST JONES 

One of the earliest Bn it ill followers of Dr rut, 
he has done much to popiilanzt ps\cho-aital\si 

feels the lack of something, and bccaus 
of that lack develops a feeling of inferiority 
Every' nerve then becomes strained tow a 
the effort to find some way of compensitie 
for that inferiontv 

The infcrioritv may be leal or onlv imaginci 
but in cither case it tends to give rise to 
infenontv complex, which Adler has defin. 
as an “ abnormal feeling of infenontv 
“ Complex,” he continues, “ is not the corre 
vvord for this feeling of infenontv v,hi 
permeates the whole personaluv It is mo 
than a complex, it is almost a discast. . 

Accoiding to Viler ‘ Flic lev to the rnti 
social process is lO be found in the fact th 
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persons are al'ways stn\ang to find a situation 
in A\hich tliey excel” In other ^TOrds3 the 
‘ ^\•lll to pow ei ” IS the dominating force in 
human life All neuroses result, not as Fieud 
\sould have us behe\e from repressed sexual 
impulses, but from the failure to compensate 
for the feehng of mfenonty 

CAUSE OF CREME 

As veU as an mfenonty complex there is 
also a superionty complex It is qmte possible 
for both to be found m tlie same person, it is 
only, so to speak, a case of looking at tlie two 
faces of the same medal 

Gnme, Adlei maintained, w'as a sign of a 
supenoiitv complex, children start stealing 
because tliey feel they aie doing something 
wlucli other people are unai\"are of, and this 
feehng giies them the sense of being supeiior 
The i\ ell-knoiiTi of cnnunals is also 

exndence of this feeling of supeiioiity 

Adler, like Freud, attached the greatest 
importance to the early ) ears of life “ All 
evidence,” he said, “ points to the fact that 
the fixing of tlus goal (i e the individual s 
conciete aim oi ideal m life) must take place 
early in life, dunng tlie formatue penod of 
childhood A kind of prototv'pe or model of 
a matured personality begins to deielop at 
this time ’ 

Adler earlv rejected Freud’s theor) of dream 
mterpretation “ The trutli, ’ he said, “ is 
that there is no specific formula tsliich will 
explain dreams,” except tiieir emotional charac- 
tei He goes on to say tliat “ The fact that 
dreams are emotionally intoxicating offers, 
curiousl) enough, a metliod for pre\ entmg 
dreams If a peison understands ivhat he has 
been dreaming about and realizes that he has 
been intoxicating himself, he wall stop dream- 
ing ’ He declared that he lumself had nevci 
had a dream from the moment he realized 
this fact 

Adler also rejected Freud’s theoiy of the 
unconscious “ Consciousness and unconscious- 
ness,” he declared, “ move together in the same 
direction and are not contradictions, as is so 
often belie\ ed What is more, there is no 
defimte line of demarcation bet\%een them ’ 

Jung also differed from Freud on this point, 
but moie subtly He pictured the unconscious 
ratlier as an imdeveloped form of conscious 
mind, and developed the theor}' that racial 
memories, the instincts and impulses which 
e\ery individual inherits fi-om his ancestry — 


right back to pnmei al days — ^plaj a predomm- 
ating part in mental hfe, being at least as 
important as sexual memories, and doing more 
to determine character and temperament 

Jung s name is best knoi\m to the general 
pubhc m connection mth the terms “ extravert ” 
and “intro\ert” An extia\ert is what W'e 
should call in colloquial language a “ good 
mixer” He is happy when among other 
people, miserable W'hen alone and so thrown 
upon his own spintual resources An mtrovert, 
on the other hand, tends alwa-js to withdraw' 
into himself, he has no great hking for soaety, 
lather dreads meeting other people, and cannot 
easily share or appreciate the Meivs of others 

The Upical extraiert is the piactical, per- 
petually bus)' man of affairs, always deahng 
with concrete, e\er\'dav matters, and haMng 
neither time for nor patience inth “ lughbrow ’ 
subjects Among the ranks of the introierts 
are to be found the poets, mvstics philosophers, 
creatne artists, musicians, and all to ^\hom the 
life of the spint means more than the material 
round of daih existence 

"Whether later some genius will anse \\ ho can 
weave into a single hannomous system the 
doctiines of Freud, Adlei and Jung, oi whether 
this result will be achie\ed b) the modem 
method of team-t\ork m scientific reseaich. 
time alone can pro\e 

It \\ill be seen e\en from tlus ver\' brief 
outline both that there are mam points at 
whicli the three doctrines, if not m complete 
agieement, )et march \er\' closely together, 
and also that there is mucli in the teachings 
of Adler and Jung that is botli attracti\e and 
incontrovertible 

EV E^'ERY WALK OF LIFE 

Few' thinking people would care to denv 
Adler’s theoiy of the existence of an inferiontv 
complex. It explains \a\'idlv much of the 
behavioui of human beings in e\er)' ^\alk of 
life Equally, the presence of extra\erts and 
intro\erts in our nudst is too ob\ious a fact 
to be o\erlooked E\er)' one of us must be 
conscious of a tendenc\ in himself either to 
tui n tow ards the great bus) w orld of lus fellow 
men or to shrink from it into the qmet recesses 
of his own soul 

Nor does it appear that eitlier of these theones 
need of necessity be in conflict ^\^th the mam 
tenets of the Freudian doctnne It is 
rather a question of lelative emphasis than 
of antagonism. 
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I 'JTrmr or r«;'\CHO.-oc^ 


TEST OF MECHANICAL AND OF PRACTICAL ABILITY 

Left A number of simple mechanical objects ha\e to be assembled Marks are awarded for work completed 
within a time limit Right Cubes coloiiied on ceitain sides can be built up into a replica of the large cube 
A scoie IS obtained by combining the time taken to complete and the number of err 01 s made 


THE NATURE OF INTELLIGENCE 


J UNG in his work lays great stress upon the 
creative impulse m man, and classifies the 
four mam functions of the mind as thinking, 
feehng, sensation and intuition This theory 
bnngs us into touch with another school of 
psychological thought, usually referred to by 
the someivhat clumsy and unattractu'e name 
of “ noegenetic,” a school which makes its chief 
subject of research the nature of intelligence 
Noegenesis is a ^^ord meaning “ origin of 
knowledge ” The principles or laws governing 
the origin of knoivledge, as formulated by Pro- 
fessor Charles Edward Spearman (born 1863), 
late Grote Professor of the Philosophy of Mind 
and Logic at London University, are as folloiis 

(1) “ Any lived expenence tends to evoke 
immediately a knoiving of its characters and 
cxperiencer,” (2) “ The mentally presenting of 
any two or more characters tends to evoke 
immediately a knowing of relation between 
them,” and (3) “ The presenting of any charac- 
ter together with any relation tends to e\oke 
immediately a knowing of the correlative 
character ” In other ivords 
(1) ^Vhatever comes into our expenence we 
tend to know as a ivhole made up of many 
components, \se distinguish, for example, 
betiseen sounds and sights and tastes and 
smells And at the same Ume as we become 
aware of these items of our experience, we 
know' that it is our self which becomes aware 
of them 

(2) As ^ve perceive these items of our 

16 


expenence, we tend to notice relation bcnsccn 
them, of likeness, unlikcncss, degree, and so on 
We notice, for axample, whether one street is 
wider than another, one sound like or unlike a 
former one 

(3) Whenever we are presented with an 
Item of experience and a definite 1 elation, we 
tend to think of another item Tor instance, 
the unfinished sentence “ Broad is the opposite 
of ” would be immediately completed by 
any person of normal understanding with the 
word “ narrow ” That is a ver^' simple illus- 
tration on Its higher planes this mental process 
IS responsible for all invention 

These three noegenetic lav\ s define the mental 
processes by which knov\ ledge is created 
Whenev’cr these processes arc put into opera- 
tion knowledge results Such knowledge must 
of necessity be absolutely coirect 

But human knowledge, as we all know to our 
cost, is often fai from being absolutely coiTcct 
It IS ordmaril) full of blemishes and error 
and gaps How are we to account for that' 

It vnll be noted that each law uses tlic 
phrase “tends to evoke” How far the 
tendency goes depends upon the quantity o 
intelhgencc we possess and the condition' 
under which that intelligence has to worl 
Spearman has formulated a further five laws 
called the quantitative principles (as opposcc 
to the noegenetic laws, which deal with qualita 
onlv), to cover the enure field of inicllcctua 
processes 
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First, there is the pnnaple of mental energy 
Everyone possesses some mental energy Some 
people possess a great deal moie than otliers, 
and probably no two persons possess exacdy 
the same amount, but the interesting point is 
that -whatever quantity any given person may 
be endo-^ved -with, that quantity does not vary 
It may be better in quahty at one moment 
than at another, but tlie actual output is 
alivaj's the same 

The second pnnaple is that of retenbveness 
Stated simply, this principle says that any 
mental piocess tends to occur more easily the 
more often it has occurred The third, an 
opposmg pnnaple, is tliat of fatigue, on account 
of %vhich mental processes tend not to occur 
again 

The fourth principle is that of control of 
intellectual activity by the will This is an old 
famihar friend Everybody knoira that \vhen 
we are deeply interested in a subject i\e learn 
far more easily and acquire a far deeper 
knowledge tlian if our interest is but slight 

HOW INTELLIGENCE WORKS 
In GvcT)' school today there are boys who 
can explain fluently and accurately the ivork- 
ings of the most complicated and speaahzed 
motor car or aeroplane engine, but \vho cannot 
for the life of them understand quadratic 
equations (ivhich are far easier), or master a 
column of irregular French verbs Nor do i\e 
need telhng that by sheer -wall power i\e can 
force ourselves to concentrate upon even a 
distasteful subject and make ourselves masters 
of it History records innumerable instances 
of men and \vomen %vho have achieved success 
m this fashion 

The fifth and final pnnaple is that of vana- 
bility in the physiCcil and mental condition of 
mdividuals This again needs httle explanation, 
the well-knovm proverb Mens sana in corpore 
sano, “ a healthy nund in a healthv body,” has 
been current for at least two thousand jears 
We all know that we tend to v\ ork less easily 
and more slo-wly, and to make moie mistakes, 
when we are physically tired, cold, hungty', 
^ sleepy, or distressed ^Ve kno\\ , too, that 
heredity and emnronment play impoi tant parts 
in detemumng the poiver of oui intelligence 
The noegenetic law's do not tell us what 
inteUigence is, but only hoiv it ^\orks In this 
connection Spearman has evolved a further 
theory which has recaved very general 
acceptance 


He holds that in every act of inteUigent 
behaviour two factors are involved The first 
IS a general mental ability, or intellectual 
energy, w'hich he calls “ g,” and which is 
present, though m varjnng degree, in every 
mental operation This general mental abihty 
varies fiom indmdual to indmdual, but m 
any one person tends to be constant It grow's 
in cluldren, but only till about the age of 
fifteen or sixteen, after which it remains a 
fixed quantity throughout hfe 

The other factor, called “ s,” is speafic, that 
IS, it IS pecuhar to the tj'pe of mental operation 
in which It IS found In some mental acts a 
great deal of “ g ” is involved and only a httle 
“s”, in others not much “g” but a great 
deal of “ s ” 

Since “ g ” IS involved m every mental act. 
It IS regarded as “ intelhgence,” and a person 
w'eU endowed with “ g ” has what is called a 
good or superior intelhgence This does not 
necessanly mean that he will shoiv"^ supenor 
intelligence m every mental act A famous 
and often-quoted dictum of Spearman’s is to 
the effect that “ every normal man, woman or 
child IS a genius at something and an idiot at 
something ” To say that a person has supenor 
intelhgence means that in most of his mental 
acts he vnll display a high level of mental 
abihty 

The possession of considerable “ s ” m any 
form will tend to be shovra in speaahzed abihty, 
sometimes unaccompanied by much “ g ”, thus 
a bnlhant pianist may be a person of average 
or less than average intelligence, a film star, 
or an international footballer may be m 
ordinary' life httle better than a mt-vnt Fre- 
quent cases occur of otherwise dull or even 
defective individuals who possess axtraordmary 
po^vers of memory or skiU m craftsmanship 

INTELLIGENCE TESTS 

Now intelligence itself cannot be measured, 
for we still do not knotv \\ hat it is, but e can 
measure its output, and since “ g ” tends to 
be constant in any one indmdual, that measure- 
ment will provide a reliable index at any time, 
provided we can find an instiument tliat checks 
only output of intelligence, as distingmshed 
fiom tlie result of education That instrument 
has been found in the intelligence test 

Many people still legaid intelligence tests 
with suspicion, and few would claim that they 
are as yet anything like perfect, but they have 
with some justice been described as “ among 
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IN^’^ITLT^ Of IsntSTTKL TS\CllOli;( 


TEST FOR WOUJL.D-BE WEAVERS 

A test of hind and eye co-oidination fot weavers The operation of threading the hire ihioiigh the sine, 
eyelets elosely lesenibles the job of " picking-iip ” broken threads 


the most sensitive instruments that exist for 
the scientific study of man ” 

The birth of intelligence testing is generally 
connected with the name of Alfred Binct 
(1857-1911), the French psychologist who in 
1905 devised a set of tests for general intel- 
ligence that has become ivorld famous Mental 
testing, however, actually dates from long 
before his time, tests for sense perception had 
been applied for three-quarters of a century', 
while from about 1885 om\aids tests of special 
abilities ivere being used m England, France 
and the United States 
Bmet’s work repicsents rather the culmina- 
tion of a long period of reseaich and experiment, 
but that m no way detiacts from the gicatness 
of his achievement Asked by the Paris muni- 
cipal authonties to find out i\hy some of the 
childien in their schools ivcrc dull and back- 
ward, he devised what might best be called a 
“ standardized inter\'iew,” composed of thirty 
questions and tasks designed and grouped to 
provide an indax of a child’s all-round ability 
FACULTIES OF THE MIND 
Binet was not concerned to find anv theoreti- 
cal “g” He bche\cd that the mind worked 
by “ faculties ” — memoty, imagination, judg- 
ment, and so on — and that if he arranged in 
groups a variety of tests which he presumed 
would cover all of the faculties, he would get 


from them an idea of the average level 
intclhgence 

There was a group of tests for each ^car 
school life, if a child passed in cvciy test f 
Its ycai Its mental age was considered equal 
Its chronological age So manv months we 
deducted for failure in a test, ^o many addi 
for success m a test belonging to a mo 
advanced year 

EVViNnMNG T^^O MILLION MEN 
Binet’s tests were indivadual, that is, th 
could onlv be given to one person at a tin 
Meanwhile in America group tests of int 
ligencc, consisting of printed sets of questic 
and tasks which could be given to large nu 
bers of persons at the same time, weic bei 
dev eloped 

The group intelligence test was used on 
colossal scale in 1917, when cvciy recruit wi 
ing to join the United States armv dunng 1 
World War was examined bv this means 
all nearlv two million men were thus test' 
It IS interesting to recall the shocked ama 
ment with which America learned that 
average mental age of its >oung manhood v 
onlv just over thirteen ’ 

This verdict does not seem so harsh wl 
It IS realized that intelligence can onlv 
rated in terms of mental age up to ab 
fifteen o' sixteen There is of course 
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absolute standard by ^s"hlch intelbgence can 
be judged, but today it is more usual to express 
it in terms ol an I Q, (Intelligence Quotient) 
iMtli a norm of one bundled 

Intelbgence testing is noiv isadely used in 
schools, particularly in Amenca, but increas- 
ingly in Britain, and on tlie Continent It is 
found parncuTarly valuable m sorting out 
mentally defective children, children ivho are 
dull and backward from accidental causes 
(i e dlness, absence, economic or social reasons), 
children of superior abihty, and children who 
for some reason or other are not -worLmg up to 
capacity 

DELINQUENT BOYS ANT) GIRLS 

The importance of this isork can be seen 
from the fact that it has been proved expen- 
mentaUy that "without speaal care backivard 
children do i\orse m school tlian their intel- 
hgence justifies, vhile really clever cluldren do 
only about half as much better than the others 
as they ought 

Intelbgence testing, combined isith tests of 
personality and character, is also proinng of 
mcalculable value m \ocational guidance and 
in selection of ivorkers for special jobs In 
England the National Institute of Industrial 
Psychology' is the recogmzed centre of such 
work 

Here girls and boys about to leave school 
may undergo tests from the results of which 
their examiners are able to ad\ase them in 
what occupations they are most hkcly to be 
successful The after-careers of those tested 
are followed up, and show that a high pro- 
portion of those ivho folloiv the Institute s 
ad\'ice make good, ivhile of those who reject 
it and go into occupations not considered 
smtable the majoriU' are unsuccessful 

Intelligence testing has further had a pro- 
found effect upon the type of examination set 
m schools Whereas formerlv examinations 
concentrated exclusivelv upon factual know- 
ledge, and therefore exalted memory abo\e all 
other mental processes, questions are now 
devised to test poi\er of creative thinking, 
judgment, arrangement and presentation of 
facts, imagination and feeling 

It IS recogmzed also that the normal school 
exarmnation tends to test attainments, diat is, 
the result of education, rather than intelligence, 
consequently many education authorities now' 
use both examinations and intelhgence tests 
for scholarship and similar purposes 


hlental testmg is also being mcreasmgly 
used m criminology, and espeaally with 
dehnquent children and y'oung persons It 
has long been recognized that crime may be 
the result of w'hat one may call genmne cninmal 
instmcts, of emaronmental causes, or of some 
error m mental functiomng It may be neivs 
to some people, for example, that theft may be 
due to repressed fetish worship 

Readers who are interested m w'hat is 
probably the most fasanating and certainly 
the most \aluable tyqDe of hterature on enme 
are advised to study The Young Dehnquent by 
Dr Gynl L Burt (bom 1883), who w'as for 
tiventy years psychologist to the London County 
Council before he became professor of education 
and psychology at London Umversity 
They will find there that of the dehnquent 
boys and girls i\hom Dr Burt examined, 52 8 
per cent suffered from povertv, 57 9 from 
unhappy' or impaired family' relationships, 25 9 
from immoral homes, 60 9 from defectii e 
discipline, and 45 2 from bad and degeneratmg 
influences outside the home 
Two other systems of psychological thought, 
so closeK related as to be capable of bemg 
treated together, must briefly be considered 
The first, called Gcstalt-pg^chologie, was so 
named by tlie Austnan philosopher Chnstian 
Ehrenfels (born 1859), and has been de\ eloped 
bv the German psy chologists Max "Wertheimer, 
"W olfgang Kohler, Kurt Koffka and others 
The other goes by the name of Orgamsmal 
Psy chology' 

There is unfortunately' no word m English 
w'hich exactly translates tlie German w'ord 
Gestalt Common renderings are “ figure,” 
“ form, ’ and “ shape ’ , and Gestalt-psychologie 
IS variously knoim as Configurationism, 
Formalism, or the Psy'chology of Shape 

THE PSYCHOLOGY OF SHAPE 
None of these terms exactly' indicates the 
theor\' of Gestalt-psychologie, the essence of which 
IS that we perceue, not the mere sum of a 
number of elements, but m umtary' a\ holes, 
and that any psvchological whole is more than 
tlie sum of its parts 

This theory' is based on extensne expen- 
mental w ork, largely m the fields of \TSual and 
auditory' perception, and can easily be illustrated 
by' examples 

\\hen w'e go to the cinema, we actually' 
have throi\Ti upon the screen a large number 
of pictures representing stationary objects, yet 
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see a continuous picture of movement 
The Gestalt psychologist says that at the same 
moment as ^ve sense the stimuli conveyed by 
the successive pictures the relation between 
those s^\^ftly succeeding pictures further induces 
a “ formalizing ” process ^vhich gives the 
impression of apparent movement 

HIGHEST MENTAL ABILITY 
This formalizing process, mduced by the 
recogmtion of relationship betiveen the station- 
ary pictures, IS the result of a creative mental 
activity 

To take another example, a set of notes is 
played on a musical instrument, and ■\\e per- 
ceive a melody That melody is something 
more than the sum of the notes, we can alter 
all the notes by transposing them into another 
key, but Ave still get the same melody Again, 
a note on a musical instrument can be analysed 
into a lundamental tone and overtones, but if 
Ave merely add the overtones to the fundamental 
tone Ave do not get the note 
This doctnne of the perception of unitary 
Avholes has proved of great value in both animal 
and child psychology, for it can be shown 
experimentally that the Avholes perceiA'ed by 
various grades of intelligence arc not the 
same 

Wolfgang Kohler’s experiments with chim- 
panzees have been referred to previously in 
this section, and it Avas there noted that the 
animals found some situations much more 
difficult to grasp than others This is because 
the “ something more ” Avhich makes an) 
psychological Avhole greater than its parts is 
a matter of insight, of the perceiAxng of relations, 
and this capacity, Avhich as Plato discovered, 
IS the sign of the highest mental ability, vanes 
enormously m indiAuduals, and is far greater 
in man than in animals 

THE “ CLOSED ” SITUATION 
In other Avords, intellectual poA\er (or, as 
the more modern Gestalt psycliologists maintain, 
complicated processes in the nerAmus sy'stem) 
Avoiks upon the elementary sensations receiA’cd 
by the sense organs 

Gestalt-psyJwlogte postulates a physiological 
basis for all mental processes, holding that in 
the nerimus system there are “ configurational 
patterns,” correlated Anth the mental Avholes, 
and functiomng as response mechanisms to 
wholes in the en\nronment 
This sounds a httle like Behaviourism, but 


the Gestalt psychologist strenuously denies the 
BchaAiourist contention tint all co nplcxitics 
of bchavaour arc built up from simple reflexes, 
and affirms tint the child (or the animal) 
perceives Avholes from the beginning 

These Avholes arc at first primitnc and > 
from complex Thev gradualh become mo. 
complicated and precise in accordance watl 
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GUSTAV THEODOR FECHNER 
According to Fecliner (1S01-S7), mental t ,u, 
were accompanied b) changes m the ner\ous snn 


the “ Pnnciplc of Precision ” wherebA o 
mentally'-pcrcciA ed Avholes “ tend to beco- 
as perfect as prevailing conditions permit ’ 
Interesting illustrations of this point can 
culled from a vanetA’ of sources It will 
remembered that Kohler’s chimpanzees fot 
it A cry difficult to grasp the idea that a bran 
might be torn from a tree for the purpose 
drawang food into the cage 

Numerous street acadents which happen 
Aoung children arc due to inadequate i,. 
of a situation A child is sent to a shop sL i 
ing on the far side of a main road , he sees 
shop from the opposite side of the road a 
for him the situation consists onlv of his erra 
the shop and the crossing of the 
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consideration of the traffic on the road does 
not enter into his mind 
Bmet shoi\ ed by his tests tliat \ oung children, 
shoim a draising of a face intli a prominent 
feature missing, i\t11 completely overlook the 
omission Of fom -year-old childien scarcely 
anv iNoll be able to say when questioned iihat 
i\as missing fiom the pictuie, of fi\ e-} ear-olds 
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Psychologjst to the London Count v Council (1913-32) 
and originator of their intelligence tests 

only about one in three mil supply the right 
ansiver, and m all age groups up to the age 
of ten there ■uall be found cluldien quite 
satisfied mth tlie incomplete picture 
The Gestalt psychologist sa%^ that in all sucli 
cases there is is hat he calls a “ closed ” situa- 
tion, the ammal or the cluld has giown 
accustomed to percemng a is hole and finds 
It difficult to admit anothei detail which 
renders that is'hole more complex 
The “ closed ” situation is illustrated veiy 
clearly in an experiment fi-equently performed 
•with animals Tw o illuminated food-boxes are 
placed in an animal’s cage, but tlie food is 
alway’s placed in the more brightly -ht box 
■WTien the ammal has got thoroughly accus- 
tomed to going to the brighter box, the strengdi 


of the hghtmg is altered, so that the formerly 
more bnghdy-ht box is noss”^ tlie dimmer The 
animal isrll still go to the brighter box, though 
this nois' IS not the one containmg food 
'We can, if we reflect a moment, recall m 
our ois n actions many examples of “ closed ” 
situations causing us to make mistakes If a 
man changes lus daily neisspaper, he mil as 
like as not find himself turmng involuntanly 
to, say, page thiee foi the sporting nei\-s (-where 
It ahvay-s figured in lus prenous journal), 
though m the paper he is reading that news 
wall be found on page fifteen 

ELDnXATESG AHSTAKES 
Similarly, if ive go to h\e m a neis house, 
we find ourselves turmng to the right inside 
the front door instead of to the left, or vice 
\ eisa If w e ha\ e gone for some tune one i\ a\ 
to the railway station, and then decide upon a 
change, the chances are that if -we are pre- 
occupied we find our steps carrvmg us in the 
old duecGon 

Of course in the case of human beings 
supenor powers of perception, wall-pmver and 
judgment enable us quickly to elirmnate such 
mistakes what distingmshes man from e\en 
his neaiest n\als. the man-like apes, is his 
capaatv to adapt himself to a new situation 
and tlie speed with i\hich he learns the 
reqmrements of that situation 

Learmng, accoiding to tlie Gestalt psy^cholo- 
gist IS “ the perfecting of response on the part 
of the oiganism to stimulation cormng from 
tlie emironment,” and is closely "connected 
iMtli groi\'tli, IS Inch IS looked upon as a pro- 
cess of increasing speaahzation of function 
BehaMour likessise is seen as giossth 

IN TERMS OF ELECTRICITY 
A feature of tlie Gestalt-psychologie isluch many 
readers will doubdess find extremely interesting 
IS die explanation m teims of electnaty' of its 
physiological basis Perception is held to be 
due to differences of potential in the nersous 
sy'stem, this distmbance of eqmhbnum leads 
to diought, ishicli expresses itself in behasiour 
that restores the eqmhbnum The entire 
organism is regarded as a field of foice existmg 
mthin mder fields of force to whicli it 
reacts 

And noiv, the reader may i\ell ask, after 
hanng completed dus suney”^ of the %-nnous 
schools of psychological thought, of ivhat pre- 
cise use IS it to me as an indi\adual^ That is 
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a perfectly fair question and demands a 
scrupulously fair answer 
By way of preface, however, it should be 
said that the foregoing account represents only 
the bnefest of surveys of psychology throughout 
the ages and at the present day, and has of 
necessity been more concerned with exposition 
than with practical applications One could 
hardly expect to find m a bnef elementary 
textbook on medicine and surgery detailed 
instructions for the diagnosis and treatment of 
say, pneumoma or cancer 

VASTLY INCREASED KNO^VLEDGE 
All the same, it is hoped that sufficient has 
been said to indicate the general hnes along 
tvhich psychology may be of help to the ordinary 
man or woman who is interested enough to 
^ollo^v up the reading of this short acccurt 
with more intensive study 
It ivill at least have been aliundantly clear 
that the emphasis m psychological research 
during recent years has shifted from endeavours 
to discover the nature of mind to the infinitely 
more profitable field of human and ammal 
behaviour, and that this modern emphasis has 
led to an enormous amount of experiment 
resulting m a vastly increased knowledge 
and understanding of individual and social 
behaviour 

It IS true that far more attention has been 
devoted to the intellectual aspect of personality 
(cognition) than to feeling (emotion) and striv- 
ing (conation), so that as yet the psychologist 
cannot claim to understand human personality 
as a ivhole 

EVCREASE OF EFFICIENCY 
But when the advances in knowledge of 
cognition duimg the past forty or fifty years 
aie recalled, and the fact is taken into account 
that psychologists are as busily engaged upon 
problems of the will, emotion and feeling as 
they have been lutherto upon intellect, it 
seems reasonable to anticipate that wnthin the 
next generation or so human personality ^\^ll 
be understood m a way never knoivm previously 
in history 

Meanwhile one mav suixcy \crv bnefl) the 
adv'anccs alicady made Ficqucnt reference 
Ins been made in this summniy to practical 
applications of ps\cholog\ m education, 
mdustty, medicine and ciiminolog^ 

It IS safe to say tliat psychological research 
has revolutionized methods of child nurture 
and traimng dunng the Uventieth century 


Attention has been largely concentrated on the 
earlier years of childhood — ob\iousK because 
of their extreme importance — but a \ ast amount 
of work has been done m c\cry field of educa- 
tion One may instance as outstanding results 
the vastly improved methods of teaching lead- 
ing, writing and numbers, the piescnt-day 
emphasis upon the \alue of art and craft work 
in schools and the spicad of oiganizcd games 
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PROFESSOR TAP AVELING 
P/ofessor of psychology at Kings College Londoi 
and autlioi of textbooks on the subject 


Few' parents nowaday's doubt tlie \aluc ( 
the “ Hadow ” reoiganization of British eh 
mentary' schools into primary' and sccondai 
units, the latter a\ith the ilircc dncrgei 
branches of secondary, central and seme 
schools This reorganization sprang entire 
from a psa chological basis 

In indiistia equalh beneficent results hae 
c\entuatcd, though thc\ ha\e been perha] 
less spectacular and ccrtainK considerably Ic 
advertised One cannot, of course, rcorganu 
an industrial svstem based on indivadualis 
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with the same speed or efficacy that one can 
reorgamze a State controlled educational 
system 

But one may point to the large number of 
firms which during recent years have adopted 
the five-day week because they were convinced 
by psychological evidence that this meant 
increased output coupled with greater happiness 
and comfort for the workers 



APPLIED DARWINISM TO PSYCHOLOGY 
Herbei t Spencei (1820-1903) was the first plulosophet 
to apply Darwinism to psychology 

One can further point to large numbers of 
factories, mills and workshops -where the move- 
ments of workers during industrial operations 
have been studied and reduced in number 
to eliminate fatigue, where more convenient 
standing or sitting positions have been intro- 
duced, where better lighting and ventilating 
are now installed, and where the human factor 
receives a consideration until recently quite 
unknown 

The provision of canteens and rest-rooms, 
the orgamzation of sports clubs and recreational 
facihties, and the provision of technical and 
general education schools m connexion with 
big offices and works are all indications of the 
work of the psychologist 
The worker’s day has likewise been studied 
intensively, and the quality of the output fiom 
hour to hour shown in minutest detail One 
result of this research is seen m the rest-periods 
which firms are increasingly adopting 

It IS important to differentiate between the 


influence of the psychologist m industry and 
that of the “ efficiency merchant ” who studies 
industrial operations solely with a view 
to increasing output and so adding to the 
shareholders’ profits 

The psychologist is certainly concerned with 
the increase of efficiency, but chiefly from the 
workers’ point of view It is one of the most 
firmly established psychological hypotheses that 
all true efficiency is based on the happiness, 
comfort and welfare of the worker There is, 
it is perhaps needless to say, still a vast amount 
of work to be done m this field, everywhere one 
goes one still sees human work being done in 
clumsy, lengthy and unnecessarily fatiguing 
ways 

TREATMENT OF NERVOUS DISORDERS 
In medical psychology an immense advance 
has been made m the treatment of nervous 
disorders, thanks very largely to the discoveries 
of Sigmund Freud and the psycho-analytic 
school Psychological treatment of various 
functional diseases received an enormous 
impetus during the World War, when large 
numbers of cases of ailments due to sensory 
distuibances — loss of speech, memory, deafness, 
hystena and so on — had to be treated 
To the study of cnminology psychology has 
made very important contributions, which may 
be summed up m the statement that for the 
first time in history the causes which lead any 
person into crime are being exhaustively studied, 
with the result that the age-old idea of pumsh- 
ment for crime is being replaced by the modern 
idea of treatment ^vhlch -will eradicate the 
tendency to commit crime 

MENTAL EXERaSE IS NECESSARY 
Finally, ^vhat has psychology done for the 
indmdual in his pnvate capacity^ It may not 
be inopportune, at a time when physical fitness 
IS a practical issue m so many countries, to 
remind readers that no one can become 
physically fit merely by wishing to be so A 
person must understand his o-wm body suffi- 
ciently to know its reqmrements in the way of 
exercise, and know sufficient about ways of 
exercise to satisfy those needs 

In the same way, no one can become mentally 
fit without mental exercise and discipline To 
apply that, it is necessary to know something 
of the mind and of the exercises that will suit 
it Psychology may not yet have a complete 
answer to this problem, but for most of us it 
has a reasonably adequate one 
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THE APOTHECARY AT WORK 

When medicine first came to England no distinction was made between the apothecaries who prepared drui, 
and the piactitioiieis w’ha administered them The Society of Apothecaries of London has the power to gra 
medical diplomas It was incorporated b} loyal charter of King James 1 in 1617 
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T o some people precedent is a stumbling- 
block, to others a stepping-stone The 
\sise regard it as neither entirely good nor 
11 holly bad They sift and sort their heritage 
of the past, discarding the dross and retaining 
the gold This is the method of modern 
science 

It does not jeer at what it now knows were 
the strange fancies of devotees long since dust, 
realizing that guide-posts are not alw ays stnctly 
truthful, and that some roads w'hich appear 
enticingly open sometimes lead to dead ends 
Demons, the e\al eye, and angry gods that were 
once believed to cause the ills which beset 
mankind have gone with the charms and 
incantations used to this art or appease them, 
but not all ancient medicine has been relegated 
to limbo The early fathers of science had to 
start at the beginmng, the biological student 
of today has the accumulated knowledge of 
three thousand five hundred vears at his dis- 
posal, for the earliest knovra medical treatise 
dates from about 1600 b c 
The famous Hippocratic Oath, which as 


Dr Charles Singer says, “ has set lor cv cr i 
ethical seal upon the practice of medicine,” 
still admimstcrcd to medical graduates in som 
umvcrsities, though m its present form 
probably dates from the beginning of the th 
century b c , and some of its tenets mav go b 
earlier still Here are some of them — 

” According to my po\ cr and judgm^i 
I wall prescribe regimen to benefit the sicl 
and not to do them injurv' or wrong I v.a 
neither give on demand anv dcadlv drug m 
prompt to anv such course Into wha 

ever houses I enter, m> entrance shall be fi 
the benefit of the sick, and shall be void 
all intentional injustice or wrong doing 
And whatsoever, either in mj practice, 
apart from it in daiK life, I see or hear vvhn 
should not be spoken of outside, thereon v a 
I keep silence, judging such silence sacred ” 
The Greeks were the first people to app 
scientific pnnciplcs to the strugclc agair 
disease and death, and the historj of 
mav therefore be said to begin v ath u 
Such medical lore as existed before their »’ ■ 
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was inspired more by superstition than by 
regard for facts 

The mam principles of Greek medicine may 
be studied in the hundred-odd treatises ivhich 
are popularly known as the Hippocratic Collection 
They are so called because the best of them 
are supnosed to have been i\ritten by a man 



RISCHCIT2 COLLECTIOV 

GOD AND GODDESS OF HEALING 
/Esculapius was worshipped as the God of Medicine 
by the Greeks His female counterpart was Hygieia 

named Hippocrates, who was born at Cos 
about the year 460 b c Little else is knoivn 
of him except that he travelled ividely, was 
very greatly respected by his contemporaries 
and lived to a npe old age 
He IS called the Father of Medicine, not 
because of the discoveries he made, but because 
he was the first to practise the methods on 
which all medical science is based When a 
patient fell ill of a disease about which Hippo- 
crates was Ignorant he was not content, hke 


his predecessors, to ascribe the illness to the 
ivill of the gods and prescribe for its cure 
conventional drugs Instead he set to work 
to study the symptoms, and to observe what 
actually happened If the patient died he did 
not complacently regard it as inevitable but 
tried to find out where the treatment had been 
at fault How acute an observer he was we 
know from the fact that his descnptions of 
certain diseases tally remarkably well with 
those of modern physicians 

COMPLETELY CHAOTIC 
Prior to his time medical knowledge was 
completely chaotic, no attempt having been 
made to relate facts to each other, but in 
tlie Hippocratic Collection we have a complete 
system of the treatment of disease Hippo- 
crates originated the plan by ivhich diseases 
are arranged under four main heads acute 
and chronic, endemic and epidemic 

One of the most striking of his teachings was 
that the body contains four “ humours ” — 
blood, phlegm, yellow bile and black bile — 
ivhich, if health were to be maintained, had 
to be present m certain proportions If the 
normal relations betiveen the humours tvere 
disturbed illness occurred 

Hippocrates lived m an age of great men 
among his contemporaries ivere Sophocles, 
Eunpides, Herodotus, Thucydides, Aristo- 
phanes, Socrates and Plato The last-named 
had among his pupils a young man called 
Aristotle, ivho was destined to dominate 
scientific thought for two tliousand years after 
his death 

The son of a Macedonian physician, he was 
born in 384 b c At the age of seventeen he 
joined one of Plato’s classes m Athens, and 
sat at the feet of tliat great philosopher until 
the latter’s death ten years later In 342 b c , 
after having spent five years in Asia JMinor, he 
became tutor to Alexander the Great, upon 
whom he appears to have exercised a powerful 
influence 

HEART COOLED BY THE BRAIN 
Aristotle "was a biologist rather than a 
medical man he may indeed be termed the 
first biologist He enquired into such matters 
as heredity and the origin of life, and in the 
course of his investigations dissected about 
fifty different kinds of animals He also ivent 
in for vivisection, that is, dissecting live animals 
One of his most curious ideas — curious, that 
IS to say, m the light of later knowledge — ^was 
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that the heart was the seat of the intelligence, 
the function of the brain being merely to cool 
the heart tvhen it was in danger of getting 
over-heated 

About a quarter of a century after Aristotle’s 
death in 322 b c , a great medical school came 
into being m Egypt, at Alexandria, a town 
that had been founded by Aristotle’s pupil 
Alexander This school became the main 
centre for the dissemination of the teachings of 
Hippocrates 

FATHER OF ANATOMY 
The two greatest men that it turned cut 
were Herophilus of Chalcedon and Erasistratus 
of Alexandria, both of ^\hom w'ere active 
during the first half of the thud century b c 
The former has earned the title of the Father of 
Anatomy The brain and the nervous system 
were the mam objects of his study He 
rejected Aristotle’s teaching about the brain, 
realizing that it was the most impoitant part 
of the nervous system, and he was the first to 
grasp the leal significance of the nerves them- 
selves He neveitheless clung to Hippocrates’ 
teaching concerning humours 
Eiasistratus, on the other hand, rejected 
the humoial theory, being of the opinion that 
most diseased states weie due to an excess of 
blood To reduce the supply of blood he 
advocated not bleeding — a very popular treat- 
ment among his contempoi aries — but starv'ation 
His sound common sense is shown by his 
insistence on the value of cleanliness, exercise, 
and properly legulated diet 
Erasistratus tvas a believer in the theorj' of 
Pneumatism, -which taught that life depended 
on the existence of a vapour-hke spirit, or 
pncitma, with which the body ^vas imbued 
This theoiy no doubt originated m attempts 
to explain breathing, and the pneiima may be 
said to coiicspond to ordinary air 

FIRST PUBLIC HOSPITALS 
Although the Alexandrian School continued 
to exist foi tivo centuries after the birth of 
Christ, It had ceased to be of any dynamic 
importance when in 50 b c Eg^qit became a 
pait of the Roman Empiie At about the 
same time the first medical school m Rome 
a\as attaining piommencc This school had 
been founded by Asclepiadcs, a Gieek, who 
died about 40 b c He \ igorously pi opagated 
the Atomic thcoiy, according to a\hich the 
body was mainly composed of atoms, or solid 
particles, so arranged as to form pores or 


channels thiough which the fluids of the bod\ 
flowed Illnesses occurred, said \cclepi'>das 
when the atoms got out of their propci positions 
and prevented the fluids from flowing frcelv 

This theorv', elaborated b\ Vsclcpi idcs’ 
follower Themison, came to be known as 
Methodism, and it long dominated Roman 
medicine 

Another followci of Asckpiadis was CcKus 
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THE FATHER OF MEDICINE 
Hippoaatcs iiui the author of some of the books ii 
the Hippocratic Collection, the fiist medical sistem 

who, about ad 30, compiled Dc Rc Mcdict 
(Conceinmg Medicine), the first Latin mcdica 
book of a scientific nature, and the first ancien 
medical work to be pnntcd (ad 1476) Tin 
most mteiestmg part of the book is the last 
dealing with suigerv' A\e aic accustomed t( 
think of the opeiation for the remov al of tonsil 
as a late nmeteenth-centurv innovation, but i 
IS desenbed m detail m De Re Mcdica Celsu 
also gives accounts of operations for removin' 
goitres, for cutting aw a} growths m the nos 
and for dcahng wath deformed or diseasci 
teeth 

The Romans had a well-organized arm 
medical corps, and thev were the first pcopl 
to have public hospitals Hospitals of a Iini 
existed among the Greeks, but thev v ere th 
propertv of private doctors The first publi 
hospitals of the Romans were cnDrely military 
being designed for wounded soldiers m th 
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outposts of the Empire, but the idea soon 
commended itself to the officials at home, and 
nursing homes were bmlt m many Itahan towns 
The first hospital run on charitable hnes, hke 
our free hospitals, ivas bmlt m the fourth 
century by a Roman Christian woman 
The last of the great classical medical men 
was Galen (about ad 130-201), a Greek who 
came to Rome about the middle of the second 
century and became physiaan to the Empeior 
Marcus Amehus His literary activity i\as 
prodigious no less than one hundred and 
eighty medical treatises are ascribed to him, 
and it seems probable that about eighty of 
these ivere actually his ivork They were 
famous m their day and continued to exeicise 
a poiverful influence on medical science until 
the end of the seventeenth century 
This influence was far fiom being entirely 
beneficial because many of Galen’s fallacious 
ideas were put in so attractive a guise, and 
stated ivith so much confidence, that people 
tended to accept them without question The 
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Top Dividers, propoi tional compasses, forceps, 
retractor and tenaculum Below Folding foot-rule 


result ivas that he became the ultimate authority 
on many medical questions 

Galen rejected the Methodist theory of 
Themison and supported the conception of a 
pnewna, or spirit, -which pervaded the whole 
body and -was blended ivith the humours 
The pneiima depended for its well-being on the 
correct combinations of four “ influences ” or 
“ elements ” heat, cold, wetness and dryness 
Incorrect combinations of the influences gave 
rise to “ distempers ” which affected the 
humours Galen also thought tha<^ drugs were 
subject to these influences, so that ivhere, for 
instance, there was a case of a distemper due 
to a ^vet influence, a drug imbued -with the 
dry influence ivas called for 

ARAB MEDICAL SCHOOL 
His erroneous conception of the anatomy 
of the heart stood in the ^vay of a proper 
understanding of the circulatory system until 
the time of Harvey Galen ivas aivare that 
this organ was divided into two mam chambers, 
but he believed that the blood ivas able to 
pass through the partition that separated them 
Galen died in the last year of the second 
century, and ^\^th him ended the classical 
period in medicine It was not until the 
ninth century that any further additions w^ere 
made to medical knowledge, and then not in 
Europe but in Baghdad, capital of the Moslem 
Empire. There an Arab medical school came 
into being, inspired by Arabic translations of 
the Greek teachers 

PERFORMER OF MIRACLES 
The best-knoi\Ti members of the Baghdad 
School are Rhazes (860-932) and A-vicenna 
(980-1036) Rhazes w'as the first physician to 
give accuiate descriptions of measles and 
smallpox, and he compiled a remarkably 
accurate encyclopedia of medicine Avicenna, 
physician m chief to the hospital at Baghdad, 
ivas credited i\ith miracles of heahng by his 
contemporaries Probably the most learned 
of the Arabians, he ivrote a massive ivork \vhich 
lemamed a standard textbook for six himdred 
yeais after his death This and other Moslem 
medical books began to reach the universities 
of Europe m Latin ti anslations, many of w'hich 
■were made by Jews, during the thirteenth 
century They ^vere received i\ ith great eager- 
ness and led to the establishment of medical 
schools m many seats of leai nmg 

One of the most famous of the medieval 
medical schools was that at Bologna There 



DISCOVERERS OF LIFE’S SECRETS 


•561 



Krcl I" IT' COLiri. 

MEDIEVAL OUT-PATIENTS DEPARTMENT 
The first public hospitals were built by the Romans for the use of the army , and the first free cnilian hospi 
of nhicli there is any record was built in Rome m the foiutli century by a Christian i\oman 


bodies ^vere publicly dissected for the first tune 
Among tbe earliest of the dissectors was 
Thaddeus of Florence (1223-1303) He ren- 
dered a valuable service to knowledge by 
insisting on the necessity of having translations 
of the Greek masters made into Latin direct 
from the onginal Greek versions, and not from 
the much-adulterated versions of the Arabs 

REVOLUTIONIZED MEDICAL THOUGHT 
In 1452, about a hundred and fiftj ^ears 
after the death of Thaddeus, Leonardo da 
Vinci, one of the greatest men of all time, was 
born m It^ly Leonardo is chiefly remembered 
ns an artist, but he was passionately interested 
in c\cry asp’ct of life, and he rc\ olutionircd 
medical thought by daring to doubt that Galen 
had armed at ultimate truth 
Leonardo began to study anatomy for the 
purposes of his art he realized that a precise 


knowledge of the structure of the human be 
was nccessar)' before it could be adequa* 
represented on can\as But he soon b< ' 
interested m tlie subject for its own sake, a 
determined to write a textbook on anatu) 
Unfortunately this project was nc%cr ca,. 
out, and his notebooks, containing ah' 
sc\cn hundred and fiftv beautiful anatomi 
sketches as well as records of his obscraati 
were not accorded the attention they d-_-i 
until our own times 

r,VLL.\ciES or galen 
His dissections of, and experiments with, 
hcait conclusncl^ proved that Galen had ,, 
astrav at moic than one point Yet cuno 
enough Leonardo appears to have accepted 
theon, that blood passed through the parti 
that divadcs die heart into u o mam pari 
Leonardo’s inquiring spint lived on in 




462 


DISCOVERERS OF LIFE’S SECRETS 


person of Andrea Vesalius (1514—1564), -ssath 
whom begins the history of modern medical 
science A native of Brussels, he ^vent m 
search of knowledge first to Louvain and then 
to Pans Being dissatisfied ^vlth the tradition- 
ndden spirit of both these seats of learmng, he 
travelled on to Northern Italy, ivhere at Padua 
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SIXTEENTH-CENTURY SURGERY 
The doctoi js canying out a delicate opeiation on 
the ear which will almost certainly kill the patient 

he found an atmosphere more to his liking 
The Paduans ivere not slow to appreciate his 
worth, and they made him professoi of surgery 
at the age of twenty-three 
A year later, in 1538, Vesalius published a 
short treatise ivhich did not in essentials 
contradict the teachings of Galen, but shortly 
after its pubhcation, as the result of further 
researches, he found reason to doubt many of 
the conclusions of the famous Greek, and he 
immediately set to work with prodigious energy 
to prepare a revised and enlarged edition This 


latter, called The Fabric of the Human Body, 
made its appearance in 1543 The year ■ was 
also notable for the publication of another 
epoch-making treatise, that of Nicholas Goper- 
mcus On the Revolutions of the Celestial Spheres 
Vesahus’s book was the ivork of a practical 
anatomical ivorker, endmved ^\’•lth an amazine 
faculty for observation, and as it ivas ivntten 
in powerful and beautifully-polished language, 
It achieved its mam object — the eiaJication of 
the fallacies of Galen — m a rcmaikably short 
space of time 

DEFEATED BY RED TAPE 
So revolutionary a pubhcation could not fail 
to make its author an object of suspicion m 
orthodox quarters That is the common lot 
of pioneers. Despite that his discoveries ivere 
1 eceived i\ath acclamation by the more forward- 
looking of his colleagues, those in authonty 
contrived to annoy him to such an extent that 
one day Vesahus burnt his manuscripts and 
left Padua to become court physician to the 
Emperor Charles V 

He was not yet thirty years of age, but he 
made no further contributions to saentific 
thought It is difficult to suggest \vhy so gifted 
a man could have remained inactive, it may 
have been because he feared for his hfe ^vere 
he further to defy accepted opinion 

In 1564, on his way back from a journey to 
Jerusalem — ostensibly undertaken, it is said, as 
a penance for having accidentally dissected a 
living man, but more probably indulged in to 
escape court hfe — ^\^esalius received an invita- 
tion to lesume lus piofessorship at Padua By 
that time, apparently, after the lapse of twenty- 
thiee years, officialdom ivas changing its mind 
about the value of lus %vork But tlie fates 
were against him He died the same year on 
the island of Zante, of a malady that ivas 
probably brought on by the rigours of tlie 
voyage 

BURNT AT THE STAKE 
One of Vesalius’s contemporanes, Miguel 
Serx^ede (1509-1553), popularly knowm as 
Serx'etus, paid with his hfe for his zeal on 
behalf of truth He had made some valuable 
discoveries concerning the ciiculation of the 
blood xvhen he xvas condemned to death by 
the Inquisition The sentence was never car- 
ried out, since he managed to escape, but he 
xvas soon afterw^aids burnt at the stake in 
Geneva by Calvin 

The anatormcal discoveries of Vesalius were 
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GREATEST OF THE ARMY SURGEONS AT WORN 
The Fiench Huguenot Ambroisc Pate (1517-1590) eagerly de\ouicd Vesaliiis's epoch making anatom 
treatise, and immediately put its findings to practical use on the battlefield, }\liere much of liis tunc sp 


eagerly seized upon by a French surgeon 
named Ambroise Pare (1517-1590), who put 
them to such practical use that he earned for 
himself the title of “ the greatest of the army 
surgeons ” 

^^^^en Pare first took up his duties as a 
surgeon it tvas customary to give gunshot 
uounds a fii-st dressing of burmng oil This 
treatment was painful m the extreme, but it 
Mas considered essential since such wounds 
■were regarded m the light of poisoned burns, 
and the oil ivas supposed to draw out the poison 

One evening Pare ivas busih dressing w ounds 
after a battle when, to his consternation, the 
supply of oil ran out He had perforce to 
neglect the recognized treatment and to use 
an ordinary ointment The next morning 
IS hen he came to examine his patients he 


found that those who had gone without 
oil were very much happier than the olhe 
their wounds were healing better and they 
suffered less “ Then,” he tells us “ I rcsol 
wathm myself nescr so crucll) to bum p 
wounded men ” 

E\er on the alert to lessen suffering he g 
up the old-established practice of presen 
bleeding after amputations b\ the apphea 
of red-hot irons to the wounds, in fasoi 
the much more cffcctisc ligature (a band 
to present the blood from passing to the 
of the amputation) He dcs iscd numi, 
ingenious artificial limbs, and introduc* 
ness technique for childbirth in certain diffi 
cases 

It IS pleasant to be able to record tint 
services did not, hkc tliosc of mans cqi 
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great men, go unrecogmzed He was held in 
such high esteem by his countrymen that his 
king issued a special order that his hfe 
should be spaied during the massacre of his 
fello^v-Protestants on St Bartholomew’s Day, 
1572 

Vesalius had, as has been pointed out, 
founded modern medical saence when he 
published his great ^rork on anatomy It 



IN ELIZABETH’S TIME 
A foot being amputated befoie the days of anais- 
thetics and antiseptics A drawing made in 1598 

would be difficult to exaggerate the importance 
of his book It outlined the methods of dcscnp- 
tive anatomy for all time, and eveiything that 
has been done in this field since his day has 
been merely an extension of his observations 
and conclusions 

The Fabric oj the Human Body ivas more truly 
scientific in method and spirit than anything 
that had preceded it It cleared aivay a host 
of superstitions and stimulated rational thought 
all over Europe 

We have seen, m the ivork of Pare, ivhat 
effect it had in the surgical field Its less 
immediate effect in the sphere of physiology 
(ivhich is the study of the functions of the 
various parts of living bodies) is seen in the 
work of William Harvey (157^1657), the dis- 
coverer of the circulation of the blood Harvey 


did for physiology ivhat Vesahus had done for 
anatomy and what Pare had done for surgery 
One of the most pregnant passages in the 
Fabric concerns the Galemc doctnne that the 
blood passes through the septum, or partition, 
dividing the heart 

STRUCTURE OF THE HEART 
“ In considenng the structure of the heart 
and the use of its parts,” says Vesahus, in the 
slightly ironical strain detectable in all his 
references to orthodox authorities, “ I bnng 
my M'ords for the most part into agreement 
ivith the teachmgs of Galen, not because I 
think these on every point in harmony -uith 
the truth, but because, in referring at times to 
new uses and purposes for the parts, I still 
distrust myself Not long ago, I would not 
have dared to diverge a hair’s breadth from 
Galen’s opinion But the septum is as thick, 
dense and compact as the rest of the heart 
I do not, therefore, see how even the smallest 
particle can be transferred from the right to 
the left ventricle through it When these and 
other facts aie considered, many doubtful 
matters anse concermng the blood vessels ” 
It IS reasonable to suppose tliat had Vesahus 
remained in the dissecting rooms at Padua he 
Mould have made further enquines into these 
“ doubtful matters ” Fate decreed otherwase, 
and the task was left to an Englishman born 
thirty-fi\e years after tlie publication of the 
Fabric 

IVilham Plaivey -was born at Folkestone in 
1578, and at the age of sixteen he ivent to 
Cambiidge, where he w'as entered on the books 
of Cams College, -which had shortly before 
been refounded by John Kees (Cams), a 
scholai who had worked at Padua with Vesahus 
Haiwey himself w ent to Padua aftei four years 
at Cambridge to study under Fabnaus, one ot 
Vesalms’s piofessorial successors 

CIRCULATION OF THE BLOOD 
Fabiicms (1537-1619) played an important 
part in the history' of physiology, tliough he 
lacked the intellectual courage of men like 
Vesalius, and remained all his hfe in bondage 
to tlie classical teachers He ^\^'ote the first 
illustrated book on embiy'ology (the study of 
tlie development of lunng creatures before they 
leave the ivomb or the egg), and made valuable 
researches into the structures of muscles and 
of the eye But, most important in the present 
context, he published, m 1600, a treatise On 
the Valves of the Veins^ m ivhich it ivas shown 
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WILLIAM HARVEY DEMONSTRATING TO CHARLES I 
The discoveiei of the cuculatioii of the blood itoj fortunate in ha\ing as palton and fiicnd the king lun"' 
Haivey accompanied Chailes I to Scotland in 1633, and i\as piescnt at the Battle o] Nascby 


that all the valves are arranged with their 
mouths turned towards the heart It followed, 
therefore, that the veins must carry blood only 
toivards the heart, but apparently Fabricius 
failed to draw this obvious conclusion To have 
done so would have been flatly to contradict 
the teachings of the masters, a thing which the 
timid investigator had no desiie to do 
The supreme importance of this point is 
obvious from the followang quotation from 
Robert Boyle, the founder of modern chemistiw 
“ I remember,” he says, “ that \vhen I asked 
our famous Har\'ey, in the only discourse I 
had with him (ivhich w'as but a while before 
he died), \s'hat were the things that induced 
him to think of a circulation of the blood ^ 
He answered me, that w’hen he took notice, 
that tlie valves in the veins of so many parts 
of tlie body were so placed, that they gave 
free passage to the blood towards the heart 


but opposed the passage of the venal blood 
contrary way, he was invited to imagine, tl 
so provident a cause as nature had not 
placed so many v'alv^es without design, and 
design seemed lUore probable, than that s i 
the blood could not well, because of the int 
posing V alv es, be sent by the \ eins to the lim 
It should be sent through the arteries, 
return through the veins, whose valves did 
oppose Its course that wa^ ” 

These seemingly simple conclusions rev 
tionized phvsiologv In Harvev’s book on 
circulation of the blood, published in 1628 
was conclusively demonstrated that the bk 
flowed continuouslv m one direction 
quote the lucid words of Harvey hims 
“ The blood under the influence of 
artenal pulse enters and is impelled in a _ 
tmuous, equable, and incessant stream thro 
every part and member of the body . 
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veins in like manner return this blood inces- 
santly to the heart from all parts and members 
of the body These points proved, I conceive 
that it -wtU be manifest that the blood circulates, 
revolves, propelled and then leturning, from 
the heart to the extremities, and thus that it 
performs a kind of aiculai motion ” 



Ri'Cnoir/ coLUCTioN 


FIRST TO PICTURE BACTERIA 
Antoiy van Leeuwenhoek (1632-1723), a self-ttained 
Dutch imctoscopist, y\as the fiist to draw bacteua 

Once these facts ivere established, the ivay 
was open for subsequent physiologists to pursue 
detailed enqmnes into the oiigins, natme and 
pui poses of the blood 

Harvey was fortunate enough to ^nn tlie 
friendship of Charles I, and received the 
appointment of Physician in Ordinary' to the 
Royal Household It tvas at the king’s desiie 
that he dissected the corpse of Thomas Parr, 
Nvho lived to the alleged age of one hundred 
and fifty-two and tras buned in "Westminster 
Abbey For some months before his death 
Parr had been the guest of the Earl of Arundel, 
by whom Harvey tvas sent on a pictui e-collect- 
ing mission to Italy Among the treasures 
* that Arundel tvished to secure ivas a “ booke 
drawme by Leonardo da Vina ” 

In 1633 Harvey tvent tvith Charles to Scot- 
land, and in the course of the journey turned 
aside to visit Bass Rock m order to have the 


opportimity of studying the flight of gannets 
there This was typical of him wherever he 
went, under tvhatever arcumstances, he was 
always thinking of science It is said that he 
sat underneath a tree reading a medical text- 
book wathin earshot of the cannons on the 
field of Naseby 

One very important question concermng 
the circulation of the blood had been left 
unanstvered by Harvey This ivas, “ How is 
the blood conveyed from the arteries to the 
veins ^ ” The man who supphed the ansiver 
■was Marcello Malpighi (1628-1694), for many 
years lecturer on medicine at the Umversity 
of Bologna, and during the last three years of 
his hfe physician to Pope Innocent XII 
PERSECUTED FOR YEARS 
Malpighi was enabled to demonstrate the 
existence of the capillaries, the rmnute blood 
\essels that connect the artenes to the veins, 
by means of the rmcroscope This wonderful 
instrument, invented by Galileo, had never 
been used by Harvey Its mtroduction into 
the dissecting-rooms opened up a neiv world 
for anatomists and physiologists 
Malpighi discovered the capillanes m a frog’s 
lung ^Vhlle investigating them further, this 
time m a hedgehog, he detected the existence 
of the red blood-corpuscles Among the other 
great semces he rendered to science tvere 
reseaiclics into the structures of plants, of the 
embrj'os of animals, and of tlie glands 
The greatest of the microscopists, Malpighi 
was gentle and unassuming, careless of reivards 
and iccogmtion, but the discoveries he made 
excited the en\y of some of his colleagues, 
and he ^vas consistently persecuted for many 
years His enemies even \s'ent so far as to 
break into his house and destroy some of his 
most valuable manuscnpts and instruments 

FURTHER WORK ON CAPILLARIES 
Malpighi tvas a member of the Royal Society 
of London, the body to ■which his great con- 
temporary Antonj van Leeuwenhoek (1632- 
1723), sent tlie first diatnngs of bactena ever 
made The latter had recaved no kind of 
scientific education tvhatever trhen he started 
to study natural historj', but such ivere his 
industry and entliusiasm tliat he contributed 
no less than three hundred and seventy-five 
papers to tlie Royal Society and twenty-seven 
to the French Academy of Sciences 
These papers contain the records of an 
amazing number of discoveries Leemvenhoek 
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Risciicm cou-rciios 

THE SCHOOL OF ANATOMY 

A/t anatomical lecturer giving a lesson on the structure of the arms, one of which has been partially dissected 
foi the pin pose This painting, by Rembiaiidt (1606-1669) is at the Hague 

amplified Malpighi’s work on capillaries and since it would never icach the patient 
blood-corpuscles, and was the first to describe When, about the middle of the seventeenth 
the spermatozoa, the fertilizing bodies in semen, centur)', Sydenham began to practice, the 
and to give an accurate account of the fibres average practitioner, not only m England but 

of the muscles He and Malpighi between all over Europe, vas doing \eiy bad vork 

them filled m the important gaps in Harvey’s The revolutionary discoveries in theory' that 
account of the circulation the preceding hundred and fifty vears had 

THE ENGLISH HIPPOCRATES 

Vesahus had finished the work by ^vhlch the of ph>sicians, but they had had th, 

world remembers him at the age of twenty- destro^ang confidence ir 

eight Thomas Sydenham (1624-1689) the techmques of treatment sanctified bv man> 
physician who has been given the title of ‘^^ntunes of use Then along came ^-denham 

“the English Hippocrates,” did not take his rathei unimaginatne, a medical Top, l 

doctor’s degree until he was over fifty Vesahus f 

vas a man of colossal learning and unsurpassed ^^PP^' 

onginality Sydenham was unscholaily and 

quite innocent of any desire either to discredit SYDE^TIA^FS GREAT BELIEF 

old theories or to propound new ones, he was Disdainful of theory', Sydenham did nc 
just a practical phvsician But the quiet waste much time writing, but one of the . 
scivices he rendered to medicine were as works that came from his unsubtle pen, Th 
necessary' to it as the brilliant contribution of Method of Treating reucrs, published m 16C^ 
Vesahus, for without men like Sydenham and gained a great reputation among gencr" 
Pare, work in the vanous studies, dissecting- practitioners 

rooms and laboratories would be useless. He starts off by saymg “ A disease, m 
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opinion, how prejudicial so ever its causes may 
be to the boay, is no more than a vigorous 
effort of Nature to throw off the morbific 
matter, and thus recover the patient ” 

Working from this hypothesis, he considers 
that the first thing the physiaan must do is to 
go to the bedside and attentively study parti- 
cular diseases He must familianze himself 
i\'ith their causes, symptoms and histones, 
and having done tins, is then in a position 
to aid Nature’s effort “ to throw off the 
morbific matter ” 

SUSPiaOUS COLLEAGUES 
Sydenham did not just preach about disease 
He ivas a tnumphant success in practice, and 
the descnptions he has left us of gout (from 
^vluch he himself suffered), smallpox, s^'phihs, 
d)^entery and measles prove the assidmty ivath 
ivhich he earned out his precepts concermng 
the necessity of obseia^ation 

One thing Sydenham demonstrated with 
very speaal force to be successful as a physician 
a man must have a real s^onpathy mtli his 
patients, since it is necessary for him to treat 
not merely the disease itself, but the iv'hole 
man WTiere this s^mipathy is lacking all the 
learmng of the ages wll be vorse than useless 
A hint at the suspicion \nth ivhich some of 
his colleagues regarded Sydenham’s untlieo- 
retical ivays, as well as an indication of his 
quietly amused attitude to them and to the 
world, IS to be found in a letter that he i\Tote 
to Robert Boyle in 1668 “ I have the happi- 

ness of cunng my patients,” he saj's, “ at least 
of having it said of me, that few miscarry under 
me, but cannot brag of my correspondency 
with some other of the faculty, ivho, not 
withstanding my profoundness in palmistr)' 
and chemistry, impeach me i\ith great insuffi- 
ciency, as I shall hkeivase do my taylor, i\hen 
he makes my doublet like a hopsack, and not 
before, let him adhere to ^vhat h)'potliesis he 

Will ” 

The son of a Puntan landoiraer, Sydenham 
ivent up to Oxford in 1 642, at the age of eighteen, 
but he had not been there many \veeks w^hen 
the outbreak of hostilities between the Royahsts 
and the Parliamentarians induced him to don 
military umform in support of the latter 
Four years later, after Oxford had been taken 
by the Puntans, he returned there to study 
medicme, acting on the advice of Thomas Coxe, 
a Paduan physiaan who had attended his 
brother 


In 1648 he secured a bachelorship of me^ane 
as ^veU as a Felloivship of All Souls College, 
rather more for political reasons than for those 
of scholarship ' Three years later, so little did 
mediane attract him that he eagerly accepted 
a captain’s commission in the cavalry After- 
w'ards he stood for parliament, but being 
defeated, accepted a cml service post from 
Richard Cromivell 

It was not until after the Restoration, -which 
made it impossible for him to hope for any 
advancement in a pubhc career, that Sydenham 
senously took up medicine In spite of his 
bachelor’s degree, he knew little of his subject, 
so he spent some months at the Montpellier 
Medical School, in France, before setting up in 
practice in London, at the age of tlurty-seven 
Even then he t\'as not legally qualified, but 
although this did not greatly ^vorry him, he 
took the necessary licentiate of the Royal 
College of Physicians in 1663 It was not until 
thirteen y'ears later that he received his doctor’s 
degree at Cambridge 

Yet despite his scholastic deficienaes Syden- 
ham’s reputation was so great that Hermann 
Boerhaave (1668-1738), who is often spoken 
of as the greatest modern phvsiaan, said of 
him “I should blush to mention his name 
Without extolling him ” There is much in 
common between these ti\o distingmshed 
medical men — qmte apart from the fact that 
they both suffered agomes from gout 

CONTEMPT FOR THEORIES 

Boerhaave was more scholarly than Syden- 
ham, but he had something of the latter’s 
contempt for subtle theones and long-wnded 
dissertations He %\TOte very little, despite that 
he occupied a professonal chair at Leyden, 
he made no discoveries, and gave birth to no 
revolutionary ideas Concermng his character 
w'e have the testimony of one of his many 
distinguished pupils, Haller “ Hardly any- 
one,” he -wTites, “ ivas ^\orthy to rank with him 
in his truly diane character, in his goodness 
to all, in his benevolence even to the emious 
and to his rivals No one ever heard him say a 
disparaging ivord ” 

He IS chiefly remembered as a very great 
clinical teacher, ivho had the poiier to inspire 
his students ivitli something of his owii zeal 
in the struggle against disease and phy'sical 
pain The teaching methods he introduced 
are the basis of those practised in present-day 
medical schools Moreover he was one of the 
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INTERIOR OF AN EIGHTEENTH-CENTURY SURGERY 
Great advances weie made m the technique of surge/ y during the eighteenth century, laigeh oh mg to t 
influence of John Htintei (1728-1793), who tras equally successful as a practitioner and a research Hork 


earliest users of the Fahrenheit thermometer, 
tlie first to show that smallpox is spread by 
contagion alone, and to establish the site of 
pleurisy 

ON THE NERVOUS SYSTEM 
The greatest of Boerhaave’s pupils was 
Albrecht von Haller (1708-1777), to whose 
eulogy of his master reference has been made 
A man of immense erudition and extraordinary 
industry, he is chiefly remembered as a physio- 
logist, his most famous publication being 
Elements of the Physiology of the Human Body, 
in which the nervous system is treated of m 
a masterly manner But he also pursued 
investigations in many other scientific fields, 
particularly those of botany and anatomy, and 
gained a considerable reputation as a novelist 
and poet 

His great defect is as his ultra-conservatism, 
his too strongly de\ eloped respect for tradition 
scientific, religious and political Had he 
possessed anytlung like tlie fons’ard-looking 
niind of his contemporary Voltaire, he isould 


undoubtedly rank, as one of the greatest m 
of all time 

Haller was brought up m Berne, wl 
even as a child he pursued knoss'lcdge ss 
an almost fanatical intensity His plca^ ■ 
consisted in compiling dictionaries, gramm 
and biographies At fifteen he entered Tub 
gen Umversity, but the fnvolous atmosphere 
this foundation disgusted him and three y 
later he moved to Levden, u here he came urn 
the stimulating influence of Boerhaave 
mneteen he took his doctor’s degree and ' 
travelled in turn to London, Pans, and B"’ 
e\ er on the search for experience and know led 
It i\as in Basle that he took up the study 
botany, the fruit of which \sas an cncvclop 
work on the flora of Switzerland, publisl 
in 1742 

THREE PROFESSORS IN ONE 

Six years before that date, at the ag'* 
twenty -eight, an extraordinary^ honour 
been conferred upon him He was inva 
occupy the chairs of anatomy, botany 
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siirgc’y at the newly-founded Umvei'sity of 
Gk)ttingenj m Germany Why he, a foreigner, 
who had not yet done anything very spectacular, 
should have been chosen for these important 
positions IS not clear, but that the choice of 
the authonties ^\'as a ivase one soon became 
obvious 

In a short time the medical faculty at 



RISCIIGITZ COLIECTIOS 


THE MUSCULAR SYSTEM 
A drawing by Beruaid Albnins (1697-1770), /or fift}- 
tivo years piofessor of medicine at Leyden University 

Gottingen ^vas enjoying a reputation approach- 
ing that of Leyden, on -which Haller modelled 
it But at the age of forty-five, -when the pres- 
sure of his manifold duties is'ere threatening 
to rmn his health, he suddenly left Gottingen 
and went into semi-retirement at Berne, ivhere 
he devoted himself mainly to literary' activities 
The Instoiy of the healing ait is full of con- 
trasts fiom tlie fluent, academic Haller, a 
doctor of medicine at nineteen, -we turn to 
John Hunter (1728—1793), the incoherent 
surgical practitioner, \vho at twenty vas con- 
templating enhstmg m the army, since everyone 
seemed to be of &e opimon that he was not 


good enough for anything else, and ^vho never 
even became qualified as a physician 
» As a teacher, Haller was always suave, 
always sure of lumself, confident that he knew 
practically all there -was to be Lnowm The 
bluff, good-natured Hunter used, on the other 
hand, frequently to interrupt his chaotic but 
illuminating ramblings vath the words “ You 
had better not write that down, for very hkely 
I shall think differently ne\t ^veek ' ” And 
\\ hen his brother ^Vllllam made an unsuccessful 
attempt to induce John Hunter to study medi- 
cine at O-vford, he said “ They wanted to 
make an old woman of me, or that I should 
stuff Latin at the Umversity, but these schemes 
I cracked like so many vermin as they came 
before me ” 

IMPATIENT OF DISCTPUNE 

As a boy in Lanarkshire, John Huntei 
showed no promise whatever, being impatient 
of disciphne and careless of ever^'thing the 
word “respectability” denotes, but “he 
watched ants, bees, birds, tadpoles, and caddis 
woims,” and “ pestered people \ndi questions 
about what nobody knew or cared anything 
about ” He must have been a ver^' difficult 
child, and ts’e cannot blame his elders for not 
detecting the exidence of a scientific mind in 
this boyish cuiiosity 

His brother \Villiam, his senior by ten years, 
was making a name for himself as a surgeon 
in London, ^^hen at the age of twenty John 
threw' up cabinet-making, to ^\hlch he had 
been apprenticed, and started to look round 
foi some more attractn e means of hvehhood 
“You might do worse than join tlie army',” 
said his fi lends, but fortunately John did 
nothing of the kind He w ent to London and 
induced ^VlllIam to engage him as an assistant 
in tlie dissecting room 

TRE VTMENT OF GUNSHOT WOUNDS 

At fiist he just secured corpses — a job calling 
for ingenuity and sometimes a disiegaid for 
the la\\s about body'-snatching — and kept tlie 
dissecting-i oom clean and tidy' But soon he 
display'ed a desire to dissect on his oito account, 
and \Villiam, a most accomplished anatomist 
and aftenvards the authoi of a great Avork on 
his subject, became his teacher Delighted at 
the skill John showed, IVilliam made him 
become a surgeon-apprentice at Chelsea Hos- 
pital, and afterwards he studied at St 
Bartholomew’s and St George’s His insati- 
able curiosity and tireless industry soon made 
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jiim a master of anatomy and a brilliant 
surgeon 

At the age of thirty-three he became a na\al 
surgeon, pnmanly m order to fortify mth sea 
air a constitution that had been underrmned 
by long hours spent in the unsalubnous atmo- 
sphere°of eighteenth-century hospital ivards 
and dissecting-rooms Bntain uas then fight- 
ing Trance and Spain, and Hunter gained 
valuable experience of the treatment of gunshot 
uounds, expcnence -which tvas to stand him 
in good stead ivhen he came to -write his 
greatest work, A Treatise on the Blood, Inflammation, 
and Gunshot ]Voitnds, published posthumously m 
1794 

THE DAY WAS TOO SHORT 

After about tt\o years of active service, in 
the course of ivhich he visited Belie Isle, -tvherc 
he collected many interesting natural history 
specimens, he returned to London and began 
to practise surgery 

In 1768 he secured the valuable appoint- 
ment of surgeon to St George’s Hospital 
Then his practice, tvhich hitherto had not 
been very lucrative, increased enormously, and 
mthm fifteen years he -was making the then 
phenomenal sum of £5,000 a year But he 
deserted every penny of it because no man 
could have worked harder 
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PIONEER OF AN/ESTHETICS 
Sir James Young Simpson (ISII— 1870) nos among 
the first to use chloroform as an anasthctic 



M^cuont COLUCTIC 

DISCOVERER OF VACCINATION 
Edward Jewier (I749~1823) disco\ercd \occinatioi 
theieby practically stamping out smallpox 

Out of bed at sl\ o’clock ctery mormn) 
dissecting until mne, seeing patients from nii 
till four lecturing in the evening, then wntii 
and making notes till about two o’clock t 
following morning Evciyuhing he put 1 
hand to was done with the same passionr 
intensity Life was much too short for Jo 
Hunter it annoyed him that the day oi 
contained t\senty-four hours, a few of whi 
had to be wasted in sleeping and fcedin 

GREATEST SURGEON OF HIS TIME 

He began to gi\c pnvatc lectures in 17 
These w ei e curious affairs Hunter, the great 
surgeon of his time, w as \ ery nen ous in fr 
of his pupils, and often he had to take laudan 
before he could face a class But he was 
content just to theonze His lectures were 
fruit of his wide expenence and great poi 
of obseix^ation m them he gav e himself, al 
stuttenngh These lectures must haic hac 
immediate effect in the general standarc 
surgery 

Although he made a large income o\( 
long penod, Hunter died in debt Xot bee 
he was extravagant in a conventional sc 
but because, so to speak, he put all his mi 
back into the business It was spent on bu 
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animals and human corpses for dissection and 
on amassing an unrivalled natural history- 
collection This was purchased by the State 
after his death for ;^15,000 — ^it was cheap at 
the price — and is now in the museum of the 
Royal College of Surgeons, London 

In this museum may still be seen the skeleton 
of O’Bryan, the seven-foot-six Irish giant It 
IS said that Hunter paid away ^500 in bribes 
to secure this specimen O’Bryan knew before 
he died that the great surgeon was determined 
“ to have his body,” so when he fell ill he 
made lus fi lends swear that they ivould see 
that it was buried at sea m a lead coffin But 
m the end it was Hunter and not Davy Jones 
who had the disposal of the corpse 

CARELESS OF WEALTH 

Hunter’s house at Earl’s Court, in the 
western suburbs, was one of the sights of 
London Its garden was stocked with many 
different vaneties of animals, a good many 
of them wild jackals, snakes, hedgehogs, 
buffaloes, leopards, as well as pigs and goats, 
many kinds of birds and, in a pond, aquatic 
ammals To care for the animals and assist 
him at his work, a large number of human 
beings had also to be kept, and at one time 
there were nearly fifty members of his household 

This was not the -way to go about making a 
fortune, but such was not Hunter’s object 
He merely wanted to learn things that would 
make him a better surgeon, so that ivhen he 
died there would be many to say " He reduced 
suffenng,” instead of a few to say “ He left 
me money ” 

Careless of wealth, careless of the opinion 
of the powerful folk who lived for its pursmt. 
Hunter was sublimely careless of life itself In 
the course of investigations into the nature of 
a certain disease he accidentally contracted it 
by inoculation, and since there was then no 
cure for the malady, it must have hastened 
his death 

His body was placed m the crypt of St 
Martm-in-the-Fields, where it remained until 
1859, when it was removed to Westminster 
Abbey by F T Buckland, one of the great 
man’s many admirers In order to recover 
the body Buckland had to spend many hours 
searching through the decaying remains with 
which the vaults were crammed, and he was 
more than once nearly suffocated before he 
stumbled upon Hunter’s coffin 

Hunter regarded the hedgehog as a very 


favourable subject for experiments, and ffne 
of his most charactenstic remarks contains a 
reference to this ammal A pupd had imtten 
to him suggesting a theoretical explanation of 
some physiological difficulty In his reply, 
^v^lten m August, 1775, he says “I think 
your solution is just, bu<- why think ^ Why 
not try the expenment^ Repeat all the experi- 
ments upon a hedgehog as soon as you receive 
this, and they -will give you the solution ” 

When the same pupil, thirteen years later, 
suffered a disappointment in love, Hunter 
wrote “ Let her go, never mind her I shall 
employ you ^vlth hedgehogs, for I do not know 
how far I may trust mine ” 

This pupil proved to be ^vorth all the trouble 
the great surgeon took over his education in 
scientific method because he lived to discover 
vaccination Edward Jenner, for that was his 
name, came under Hunter’s influence m 1 770, 
when he was twenty-one years of age He 
remained his pupil for three years, part of 
wiuch was spent in Hunter’s own house, and 
then returned to his native village, Berkeley, 
m Gloucestershire, to take up the practice ot 
medicine 

It was in 1775 that he began the studies and 
experiments ^v'hlch led up to the publication, 
twenty-three years later, of his Inquiry into the 
Causes and Effects of the Vanolce Vaccine, the 
work which w-as instrumental in introducing 
scientific preventive inoculation against small- 
pox Vanole Vaccine is the Latin name for 
cowqjox 

When Jenner started his investigations small- 
pox ^vas one of the commonest European 
diseases Hundreds of thousands died ever)"^ 
year from its effects, and large numbers who 
escaped ■\\ath their hves were shockingly 
disfigured by it 

WRAPPED IN INFECTED GARMENTS 

From very early times it had been kno^v’n 
that those who had once had the disease, even 
in the mildest form, -were thenceforward 
immune from it, and in many parts of the 
East It was the established custom deliberately 
to infect children ivith a mild form of the 
disease, so that they would be immune during 
a virulent outbreak The mild form, be it 
added, left little or no trace behind it 

In India, for instance, during mild outbreaks, 
children were wrapped m infected garments 
In other parts of Asia, including Turkey, the 
virus of smallpox, after having been dried and 
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RISCIIGITZ COLtrCTTO f 

PASTEUR AT A CONFERENCE 

The fiist of the gieat bacteiiologists, Louis Pastew (1822-1897), established the fact that iiiaity disease^ 
ate caused by microscopic organisms which invade the body and multiply within it 


thus rendered less virulent, was injected under- 
neath the skin by needles This latter form 
of inoculation recommended itself to Lady 
Mary Wortley Montagu, the wife of the British 
ambassador at Constantinople, and so con- 
vinced was she of its efficacy that she had her 
son inoculated by a Greek doctor 

GOSPEL OF INOCULATION 

Lady Montagu returned to England in 1718, 
and immediately began to preach the gospel 
of inoculation And not \vithout success, 
because her wit and beauty had ^von her a 
powerful place m society, and even the Princess 
of Wales at last gave in to her and had her own 
children inoculated This was m 1722, after 
exhaustive experiments on criminals and orphan 
children had demonstrated to Her Royal 
Highness the value of the treatment 

Inoculation, or “ variolation ” as it was 
called, thus patronized by royalty, became 
popular not only in England but even on the 
Continent, where it was championed by 
Voltaire 

In spite of Its undoubted efficacy, variolation 
not infrequently had very serious consequences 
Sometimes the inoculated person developed 


smallpox in its severest form This happene* 
w'hen the pus used m the inoculation w 
Itself at the virulent stage Sometimes, too 
the germs of some other disease in addition t< 
smallpox were m the pus Obviously, there 
fore, an improved method of inoculation w 
called for It was supplied by Jenner 
Jenner used to practise vanolation, 
one day he vvas struck by the fact that it i 
no apparent effect on those who had previom 
suffered from cowqiox Cowpox w’as a die 
milkmaids and cowherds contracted from caf^l 
Its symptoms somewhat resembled those < 
smallpox, but its sores only appeared near tl 
site of the infection and they healed up v. 
quickly 

ROYAL SOCIEri’’S REGRETS 
After many years of experiment and inv ■ 
gation Jenner came to the conclusion that 
attack of cowpox rendered a person immu 
to smallpox To demonstrate the truth of 
theory, he inoculated a boy with pus tak 
from a cowpox sore on a milkmaid’s h > 
That w'as on May 14, 1 796 The boy develop 
cowpox, but soon recovered without ill effc< 
On July 1 of the same year Jenner inoculat 
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the same boy ^\ath smallpox, but it had no effect 
whatevei Nor ivas there any effect when the 
last experiment ivas again repeated later in the 
year 

Jenner was ovegoyed He ivas comanced 
that he had discovered the best foim of inocu- 
lation and he immediately sent an account of 
his experiments to the Royal Soaety The 
Society returned it ivith their regrets Jenner’s 
iHeas ivere interesting but no more 

DISCO^T:RED BY ACCIDENT 
But the despised country doctor had been 
ivorking on lus “ interesting ” ideas for over 
twenty years He ivas comnnced of their 
soundness and in two years appeared Ins 
celebrated Inquiry, to which reference has 
already been made This publication was very 
cntically received, but it ivas followed by two 
others ivhich disposed of many of the objections 
raised to his theories Other doctors earned 
out similar expenments, and isathm a few years 
the importance of Jenner’s discovery was 
generally acknoivledged, despite the opposition 
of certain sections of tlie profession 
Napoleon was vacanated, and he became a 
great admirer of Jenner It is said that he 
ascribed the great increase in Europe’s popu- 
lation at tlie beginmng of the nineteenth 
century mainly to vacanation When, dunng 
tlie Napoleonic Wars, Jenner ivTote to Napoleon 
asking for the release of a certain English 
prisonei , the Emperor is said to have exclaimed 
to Joseplune “ ^Ve can refuse nothing to that 
man ” 

Others ivere not slow to honour and reuard 
him Parliament gi anted him ;^30,000, and he 
was made an honoraiy member of all the 
greatest learned soaeties in Europe Despite 
this, the English Royal College of Physicians 
refused to admit him as a Fellow unless he 
passed an examination in Greek and Latin 
Jenner was not impressed “ I would not do 
It,” he said, “ for a diadem ' ” 

Like most of the great practical doctors, 
Jenner ivas extremely kind-hearted This is 
shoivn by the ivay he treated James Phipps, the 
' boy on ivhom he cairied out his fiist gieat 
expel iment He built a cottage for the lad, 
and mth his own hands planted its garden with 
roses “ The meek shall inherit the earth ” 
this phrase continually comes to mind in reading 
the stones of such men as Jenner, Sydenham, 
Malpighi and Boerhaave 

One of the most tragic pages m the history 


of science is that deahng wath Ignaz Philipp 
Semmelweis (1818-1865), the Hungaiian doctor 
to -whom every is oman iv’ho survaves the ordeal 
of ginng birth to a child oives a debt of gratitude 
He It ivas who first discoveied the real nature 
of puerperal, or childbed, fever, thereby sanng 
coundess hies 

In 1846 Semmehseis became an assistant m a 
Viennese lying-in hospital Young and over- 
flowang wath energy and enthusiasm, he ivas 
determined to give himself unstintmgly to the 
never-ending struggle against disease 

There were two irards in the hospital In 
the first, w'here the women were attended by 
medical students, there w'as a shockingly high 
death-rate (averaging out at just under ten 
per cent) from childbed fever, but in the 
second, where the patients ivere attended by 
midwives, the death-rate w as less by two-thirds 
This puzzled Semmelweis, as it had puzzled 
others before him, but no explanation of it 
could be found 

Ward No 1 had such a ternble reputation 
that when women were sent to it they fell on 
their knees and m tears begged to be moied 
to No 2 So fnghtened ivere tliey of the 
medical treatment given there that even on 
the point of death they would pretend to feel 
quite ivell lest a medical student should treat 
them 

About a year after Semmelweis amved in 
Vienna, one of his fnends, Professor Kolletschka 
by name, died of blood poisomng as the result 
of a wound received while dissecting Sem- 
melwcis attended the post-mortem, and as it 
was being carried out, the young doctor 
suddenly noticed that his friend’s corpse shois ed 
pathological signs similar to those observed in 
tlie bodies of w'omen w'ho had died from 
puerperal fever 

SA^'ED BY CLEANLINESS 

It dawTied on him tlien that this deadlv 
fever ivas-^ nothing more or less than blood 
poisonmg, or septicaemia, and that the very 
high death-rate from it in 'Waid No 1 ivas 
due to tlie fact that the medical students were 
in the habit of going straight there fiom the 
dissecting-rooms, ivhere their hands had been 
made septic by contact mtli the coi pses, i\ hei eas 
in I Yard No 2, tlie midwnes approached their 
patients iwth comparatii ely clean hands hence 
tlie loiver deatli-rate tliere 

Semmehveis immediately introduced a regu- 
lation to tlie effect tliat all students and doctors 
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in his department must disinfect their hands 
\sath chlorinated lime-\vater before examining 
labour cases The result is’as that \nthin a 
^car the death-rate was doi\n to 1 27 per cent 
Semmclueis \vas overjoyed at his discovery, 
but at the same time conscience-stnchcn when 
he reflected “ that God alone knew how many 
women he had sent to their deaths,” since he 
himself had been in the habit of examining 
cases with septic hands 

TRE\TED LKE A CRIMINAL 
But the battle was not yet won Incredible 
as It seems, many of the most distinguished 
medical men, in Vienna and elsew'here, refused 
to lecognirc that Semmclweis was right Why 
did they so refuse"^ Simply because to ha\c 
done so w'ould have shown them up in a bad 
light According to them Semmehveis was a 
charlatan and a quack Meanw hile thousands 
of women were dying in agony because of the 
attitude of these “ great ” men Could human 
vanity go to more terrible lengths^ 

The brilliant young Hungarian w'as hounded 
out of the Austrian capital like a pariah He 
on whom honours should have been heaped 
was treated like a criminal not, be it noted, 
bv the Ignorant layman, but by his own 
colleagues 

It was from his native Budapest, where he 
had gone ten years before, that m 1861 was 
published his epoch-making w'ork on puerperal 
fci er 

BATTLE MTTH BACTERIA 
By that time Semmehveis ivas a broken man 
The injustices he had suffeied had sapped his 
enthusiasm, his courage and his vitality Then 
his biam gave way under the terrible strain 
and he w'as sent to a lunatie asylum for a time 
Shortly aftei he had leturned to work, while 
operating he received a wound which became 
infected, with fatal result He died at forty- 
sc\cn, of blood poisoning, the enemy against 
Inch he had so long and so courageously 
battled on behalf of others 
Semmclweis had shown that puerperal fever 
u as due to the infection of the w ounds incidental 
to childbirth by hands contaminated wath 
dccaicd animal matter But what was the 
nature of the infection^ 

This question, of tremendous importance in 
the struggle against all infectious diseases, was 
answered bv Louis Pasteur (1822-1897), who 
shares wath Robert Koch the honour of haiang 
founded bacteriology' Pa<;teur’s investigations 


established the fact that many diseases are 
caused by microscopic organisms which invade 
the body’ and multiplv’ within it He was nc 
a doctor but a chemist, and it was tlirougl 
the study of the process of fermentation 
wines and beers that he became interested i 
disease 

The first step was the discovery that alcoholi 
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INVESTIGATOR OF RADIUM 
Sir William Ciool es (1832-1919), chemist 
physicist, made valuable disco\eiics about tau, 

fermentation came about through the activ ■ 
of microscopic organisms Then he found 
the souring of milk was due to the same cai 
A verv impoitant question then 
Where did the microbes come from'^ 
they', as many great chemists thought, o 
into being through chemical changes in 
instance) the milk itselP Or did they, 
Pasteur was indined to think, find their ' 
into It from outside^ "Were they, in s' 
the consequences or the causes of the soun 
After y'cars of expenment Pasteur 
proved bevond any doubt that they were 
causes they came into the milk from 
atmosphere, which was thronged with coun 
mvnads of similar destructiv e organisms 
the same wav as thev could sour milk, 
could, under favourable circumstances, b 
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about harmfiil changes m the human body 
in other words cause disease 

In 1865 Pasteur was invited by French silk- 
growers to conduct an investigation into the 
causes of a disease that was killing so many 
silkworms that complete extinction threatened 
the industry He found that it ^vas caused by 
a microscopic paiasite, whose life history he 
foUoived It ^vas a simple matter to destroy all 
the eggs Avhich a microscopic examination 
revealed as infected Only healthy eggs were 
allowed to develop the disease ivas stamped 
out and the French silk industry saved Those 
who had jeered at Pasteur began to think that 
there might be something in his ideas after all 

PIONEER OF ANTISEPTIC SURGERY 

The frmts of Pasteur’s further investigations 
mto micro-organisms in relation to disease 
were the “ vaccines ” ivhereby animals could 
be inoculated against such diseases as chicken 
cholera and splemc fever (called anthrax m 
man), and human beings could be given 
immunity against hydrophobia, the ternble and 
invanably fatal disease caused by the bite of a 
mad dog 

Pasteui’s work in the bacteriological field 
was carried on by Robert Koch (1813-1910), 
a German, %vho qualified at Gottingen in 1866 
and after serving as a volunteer in the Fianco- 
Prussian War, began to investigate anthicix 
He woiked out the complete history of the 
bacillus responsible foi this disease 

In 1878 he published a monumental treatise 
on infectious diseases, wherein ivere described 
the bacteria of half a dozen varieties of sui gical 
infection Tivo years later the Government 
showed their gratitude by making him a 
member of the newly-established Imperial 
Board of Health Koch then began to study 
tuberculosis, and in 1 882 discovered its causative 
orgamsm 

Koch’s investigations earned him to India, 
Java, South Africa and German East Africa 
Wherever the battle was thickest, there was 
he to be found Cholera, bubonic plague, 
malana these are some of the other doughty 
enemies he helped to put to flight He hved 
to see bacteriology grow from a tiny plant to 
a mighty tree 

The discovenes of Koch’s forerunner Pasteur 
were eagerly seized upon by a young Quaker 
surgeon called Joseph Lister (1827-1912), who 
will go down to history as the chief pioneer of 
antiseptic surgery 


When Lister began to study medicine, 
major operations were stiU being earned out 
^vlthout anesthetics This meant not only 
that the patient suffered terrible agony, but 
that the surgeon had to rush frantically to get 
the operation over as qmckly as possible But 
in the foul th decade of the mneteenth century 
both ether and chloroform came into use 
Ether, ivhich was first used by an American 
dentist named W T G Morton (1819-1868), 
was employed by Sir J Y Simpson (1811-1870) 
m Edinbiugh in 1847 The latter also intro- 
duced the use of chloroform (first prepared 
by Liebig in 1 832) Lister witnessed, in 1 846, the 
first operation performed in Britain under ether 

Aniesthetics did not, however, do much to 
reduce the fhghtful death-rate m surgical 
wards, wluch was mainly due to the fact that 
a large number of surgical wounds went septic 
How was sepsis to be overcome^ This was 
the question that tormented the sensitive mind 
of Joseph Lister 

The work of Pasteur showed him that the 
poisomng of the wound, with the consequent 
putrefaction, w’as due to microscopic orgamsms 
It \\'as necessary, therefore, to find a means of 
destroying these After many experiments 
Lister found that a cei tain carbolic-acid solution 
w'as effective, and after its introduction the 
death-rate in his wards fell from forty-three 
per cent to fifteen per cent The first round 
m the fight against sepsis had been ivon By 
the end of tlie century great advances had 
been made on Lister’s methods, and operations 
had lost much of their poiver to teinfy 

AFTER SIX HUNDRED EXPERIMENTS 

In 1910, two years before Lister’s death, 
Paul Ehrlich (1854-1915), a German Jew 
who had been adding to scientific knowledge 
on abstruse medical pi oblems for nearly forty 
yeais, announced his discovery of a pieparation 
called salvarsan, or “ 606,” Avhich has since 
proved to be invaluable m the treatment of 
syphilis It IS called “606 ’ because it ivas the 
result of the six-hundred-and-sixth expenment 
he had made in the attempt to find such a 
chemical compound 

The above is no more than a brief summary 
of a few of the great ones ^vhose names are 
\vntten large m the annals of man’s attempts 
to understand himself There mil never be a 
conclusive record, because ivhile man exists 
the inquisitive wall never cease to investigate 
the miracle of hfe 



Australun 30^ 311 317 324 
330 


Acacia 235 
Add 122 123 

AdV^ D Alfred 408 409 447-143 
Ad^nil ghnJs 357 36S 3b9 
J^Jr^alin 
Artcuhpius 458 
A-aric bcarl''* fi> 248 24S 
A)-x 30 3>3 233 263 2G3 269 275 279 
AltJ^-ito 125 189 
Alpm'* t>'p^ 323 326 327 
Arliii^ aS 87 88 
Ammonite 32 33 33 
Amojba 29 30 92 353 
ArKorpJ^pJuillus titanum 259 260 
Ampbibians 82 96 140 170 
Anyone Sea 30 31 31 81, 91 109 120, 
120 12/ 130 131 155 155 166 172 
1S6 209 21U 211 
Anclerfisb 9a 
Animal Definition of 91 
Ammalcula 30 83 92 lOS 118 

Animals charactenslic of chief land masses, 


Animals Classification of 91 
Ant 121 158, 199 199 200 200 201 201, 
212 212 

Ant lyar 55 155 160 

Ant-eater 102 103 114 115 117 190 203 
Ant-eater Banded 113 
Ant-eater Porcupine 76 84 8o 
Ant-eater Scal> J04, 104, 107 {see also 
Pangolin) 

Antelope 50 61 102 705 146 
Antenna: 107 109 111 117 
Ant lion 195 


Avrs 161 204 205, 218 299 300 302 307, 
314 

Ap^s ManliJcc 85 90 148 151, 163 
Aphis 201 212 212 232 274 
Apple 231 20’ 237, 291 
Apple Breathing of 245 245 
AqnMsanutn 22o 

Arch'^ptcr\*x 46 43 49 SO 76 103 182 190 
AnstotlA 27 407 410 411 412 4aS 
Armadillo 57 o9 60 8o 101 107 110 203 
Artenes 3-la-346 348 
Arum 239 260 


Aramn speaking peoples 330 
Ar>'an type 321 
A<dcpiades 439 
Ash 28’’ 


Aspen 282 
Aspidistra 243 260 
Aslcncola 210 
Astron'^tbes Black J9J 
Auk 220 


Australopithecus 306 
Ascling Dr Trancis 417 455 
AMcenna 460 
Axis deer Indian 73 


Baboon 147 150 168 203 
Bach J S 3S2 388 

Bacteria 10-*I2 240 242 243 2al 271, 
272-274 278 2S0 
Baclcnolog> 401 
Badger 128 129 160, 214 2lo 
Dahno lossus 70 
Ballard Dr P B 409 
Balsa tree 266 

Balucbilh'Tium 50 57 89 125 

Bantu wo nan 327 

Bantu spv'aking peoples 326-327 

BarP} 244 2S3 

Barnacle^ 96 121 18o 210 

Bass 3^ 197 

Basset bound 9S 

Bat 83 89 113 117 161 ISO 

Bat Camuorous 182 

Bat, Tropical 7/5 

Bit \ampire 7/5 

Batrachians 38 38 

I>aV Capt W P 203 

B^am AAhite 282 

B^ar 160 16^ 170 197 

B^ar B-ow-n Sa 90 

Bear Cat 1(13 

B^x. Ca\T ^ 

B'*! Parth loo 
B a Hen^'v 103 
B'^ar Po’a. Sa 

B'‘a\c' 63 101 148 ICO 160 1Q4 203 

1"9 1S2, 199 200 202 

215 ^ 


INDEX 

References to pictures are pnnted In stalu, type 

B^ Bumble 202 234 
Bee AVo-Ie' 203 
Bcctl'* 175, 199 
Beetle Blue ground 232 
B<^tle Bombardier 121 
B*^tl** Death watch ISd 
B^ lle El^'phant 178 
BeU Sir Charles 416 420 420 
Bergson Henn 72 12 
Bcmhcim Prof 441 
Bmet Alfred 431 
Birch 266 

Birds 64 100 103 110 114 118 14l-I4i5 
161-162 182 190 194 203 204 227 
Birds Ancestry of 73-76 
Birds Boacr 142 144 155 157 194 207 
Birds Coloration of 128 
Birds Courting displays of 145 
Birds Crocodil'' 203 
Birds Early 43 
Birds Extinct 49 

Birds Humming 89, 114 145 156 159 
228 239 
Birds King ISS 
Bi^xls Man o War 145 
Birds Migration of 63 
Bi*ds Oicn 157 
Birds Protection of 223 
Birds Rotal Society for Protection 
of 227 

Birds Tailor 157 158 

Birds Umbrella 145 

Birds \\ea\er 159 

Birds of Paradise, 142 143 

Bison American 224 

Bison Indian 215 

Blackbird 777 157 

Black race, 324 

Blackthorn 283 

DladcIen\ort 246 247 

BIaddora\Tack 233 254 263 

Blenny 86 165 186 

Blmd spot of the eye 361 363 

Blood, 346 347 347 348 349 

Blood groups 391-392 

Blow-fly, 178 

Bluebirds, 24 

Boa constrictor 166 

Boar Uild 221 221 

Body Human as a factory 341 

Body positions 425 427 

Boerhaave Hermann 468-469 

Bone Implements from Piltdonai 307 

Bones Composition of 335 336 336 

Bon\ sy-slcna 332 

Bow fins 133 

Brun 124-126 125 355 557 358-339 306 

Bream 171 197 

Breast bone Keeled 89 8^ 

Breeding experiments 379 380 330 381, 

383 

Breuer Dr Joseph 441 442 
Bntish Museum Natural History Depart 
raent 230 
Brontosaurus 125 
Broom 290 
Brown race 324 
Buffalo 173 776 
Buffalo Water 106 709 
Buffon Comte dc 14 14 
Bug Boatman 103 
Bug PiU 113 
Bug Plant 131-132 
Burbank Luther 253-289 '>90 294 
Burrow ers 50 98 
Burt C L 432 454 
Bushmen 326 
Bustard Great 224 

Butler Samuel 333 ' 

Buttcrft\ U 5 239 264 

BuUerfl^, Blue 2i2 257 

Butterfl\ Leaf 130 

Butterfly Monarch 131 

Butterfly Painted ladA 257 

Bulterflj Peacock 182 

Butterfly Swallottail 123 

Butterfly \ iceroy 131 

Butlerwo-t 246 

Buzzard 87 

Cacti 289 293 

Cac u'! PnekK penr 232 

Cam**! 30 61 77 77 85 168 169 192 

Camouflage Natural 127-133 

Cancer 218 402 

CapiUanes. 346 348 360 330 

477 


Carboh\'dmte? 372 

Carcbatv’on INj 

Ca'-iima Gr*al 49 

Canbou CO* 2J7 

CasNo ^a-y li6 146 163 

Cat Do ''»^lic 124 

Cat E\olu ion anJ th'* 68 

GatcrpilLirs 1-3 13- 173 -32 

Cat fi^h 76 1CI3 121 

Cat flsh El Line 12J 

Cats 8a 106 114 125 162 168 222 

Cals Pishing 2IS 

Cal s<ax parachu e 261 

Cattl EAolutionin 67 

Ca\c drawings 219 

Cells of the h iman l>od\ 53'’ 332 

Celtic race 321 

Ceiurosaurus aper us 43 

Century Plant 232 253 

Ccphalopods 33 

Cerebellum 3jG 350 557 

Cerebrum 333 356 33 557 

Chaillu, Paul du 18 

C/a/Vfigrr Expedition 7! 

Cham-'l'^n 103 115 HO I21 140 
Chameleon Homed 132 
Charcot Jean Marlin 440 
Cheetah 176 179 2ib 
Cherry 202 286 

Chestnuts Sweet and Hor^^' 283 
Child welfare 404 

Chimpanzee 124 125 NS no jril 169 

205 214 299 30 ) 303 3lo 421 4<3 

424 

C/ lamy iotrortas 279 

CbJoro.nhall 131 237 240 242 243 246 

2GS 

Chloroplasts 266 
Cholera germ 272 

Chromosom'^ 377 577 J78 378 379, 3S2 
382 333 384 dse 
Cicbhds 197 
Cinaba molb 128 
Cinchona 290 

Circulatory system 332 845-330 347 

Clam €8 SS 134 185 

Clam Giant 133 173 

Climbing perch 95 

CIo\er -34 240 242 

Coal forc<t« Life in 37-33 39 

Coatis 123 

Cobego 133 160 184 184 
Cobras 122 
Coccsx 332 334 
Cochineal dac 218 223 
Cochlea 365 
Cockchafer 98 111 
Cock of the I\.ock 145 
CocKToach 121 124 175 234 
Cocoa 271 2J3 
Coconut 261 

Codlucroil 242-248 374 
Coelenicraia 93 
Coloration Animal 127-135 
Colour blindness 334 335 
Columbus 210 292 29S 
Commensalism 207 
Condor 46 89 ISO 182 
Conger eel 101 
Copepod«f 179 
Coral 83 83 

Co-ail animals 30 57, 153-154 172 
Coreopsis 243 
CoTDo-ant*; 101 103 225 
Cormo-nnts Pishing 218 
Com blu'*bottl'‘ plant 262 
Co'pu^cl'^ 29 314 348, 349 376 
Co^nacr> daisy 243 
Courtship Animal 137-150 
CoyT-a 222 

Crab«i 34 78 765 118 154 165 187,188 
Crab<; Fiddler 82 82 137 137 
Crabs Hemiit I2I 755 ISa 
Cr-b- Lard 33 2)5 
Crab^ Pea 755 210 
Crab« Spid'*' 130 75/ 

Crabs, \‘^**ties 73 

Cran- U6 757 182 
Crare Crested 224 
Craw'’«h 137 
Cravf sb 173 
Cra\-lsh B.gger’ 93 
C'-'cicts 117 137 
Cnckets Mo’-* 154 75/ 

Crty^di'ra 49 sn joi 765 110 112, 

NO 173 lb3 



/ 


r.7£“®>er. 9,„ . ®®' SJ, lio 

187 


I I 


I 1 

I 


C^b '®2 ''•'' 35 

Cune jr^^- 239 ,9, 
‘^“‘0efisi®33^fane^og 

Oan-fl j„ 3os oi;i3 Ja-7D „ 

''' ''' 

le I t. ^3 


■C^exjjc f/ ^^oti (r\^^ '^t3 . aij 



I 

■ ,! 


iSs-r" 

“,?■» tTj;*; «o 

P^'er ii 

^der 4?S‘^s 4g 
397'o«=20 


•'3 .< 8 , 


J'>« , 

,„ '■*■ '“. .71- 


^°'^e}-s JRo ^SO 
feWuse^fl 2^7? 

n'^gon fl. 7 / 


177 

352 

B>«We li^^dor \}ifi'^'^OS 
Peedu,7H°dedness -"S #5^ 

f®”* Her, ■’Jj 

235 

07,7 

-'o^ ^39 ^oj ygpa 27g 

fS'tiSii "•'■’« IS iy 

fiS as s 7«, ,,. “'■ 

s a/y“ ® 

Fish sr^^g 1.97 


^ fi£f P;» 

Gerarg J^Djpso 

292 '® 

& 33 

^3, 

^'Psj zaoti '‘o ^23 “ 235 


^oidW!^rei 357 "%, 

^oJdfish /-?■* ,270 
,?°nads 3fiQ°'ution ,„ 


33j^ So j^j 

9^P\ohtel^% -?<r^ 2 


S^C " 

|“~Ti ? "i/ “ 

G,“® ''Pes ^14 2 Fo 
’^‘" nard 3 ^ 

W_._ ^ ^‘’0 180 


I? w'si' «?" "7 

F^tbnoJ%-364 

§i{’'^»ti'"£^04 %l 209 

^‘^PhaSu^y ^23-J2^ 

•SO Jn« 58 fSf 

g^gJlsi & fj.v,g 

P'Sf"-..! 

si^sc: 


<Ji 

If ^-37 


I^P^Tolf '"'« 26- 

Sdplect%.^39 


S^genics oo^S 

|“^a4a“n f*’'^ 

^^‘^.^3-23 


f«h pi"? 197 

pt ^ 

^38 

no,®"’4° V/f M, 

rjcas uJl 235 F/j 

4n?'"3 Sir^P®® 200 
P'a4'’'^^'i‘*' 305 
FJo„;P''^Fian7s - 

puftes 32'|’"5of^|| of 39 

^h nf "’ 212 2 an-^-^ '5< 
S'"' '3J If 23/ 

P' 3lf o|3: 

/^%f3 

^""5(5, o, "3cd 2-2 

r„T,;'-,g li-g™,, 

fo«i \ /lie 

rSJSXi^ 

giSr'f .5/''" 

«^^'p7 

P“Pglis 239^®«ilizi,,v3 
P“PgUs pf 263 26^? o<i •>56 

F„1®0 <6^ 

GaPe, w?.^J aifi 

379 '®’'^® 23? •^3-0 ^ <, 

■^■^•3 205 


r. “ ^vo 

l^d^aiiSpCf^'^ 

'.on ^59 


H 11 ; %,' ’fict,;" ^20 •“•' 470 
ifaPe/^°.f<a,|P°437 

y, .(66^ "^-api ‘± 

fe,?*, 70S " '77 

#S' § "7 

sS'*s;«>!ts 


* 2aq 




S^3ehof ,|;'3 355 ' 

£ % , 

WeredP -f^ann p? 3/o 3,j 

SS^^iSS'" oP'^f- J'5 

Hpf "t '27 /if' J37 ^"~3SS 

i5ri,f ” 
|'^s.?s/'|' ” 

ISS\f"h.-'i'' &‘ IS -or 

fS'fiSVijo. 

^°P0' '38 ^3 3,9 

^onev^/f J 09 ^ 3J., 

F^on«, ^JOes 


A-,,/ 'tKS - o 

^onev^/f J 09 

(‘^‘^s) 9 ,. 

^onei fon o' 

S4°ne?1' 205 

g°ni!iip" 3S9 

/P 5n 


/o'f 255 

«Oi^''20/® 3;, 99 

ff°S4/°'P''0ni„ '"'^''38 


3 ;, 99 ^ 

|S",sf"» “ 
Is-irl"".. 7-7 

Hu^-Pr J,„fO .06 

^i/' ^422f '99.2,2 



^-^2. 232 

/suit's -'• 000.01 

fe/SS" ® . 

-n&S’/^onO'li'oO, . 020. 3.. 

ftTS ^wJo'o/ 

*•'' .3/ , 0 . 5 . 

233 ,,55- , 




INDEX 


479 


218 402 
i^n.-JatlOn 37t> 

:J"u 3. SS 109 117 118 172 175 
17o 17J 199-203 208 
I-v(-ts of 124 725 

lo^cts Leaf 131 
I-tects Onions of Smell m 111 
I-iects Silver Fi h, 199 212 213 
Irwls Stic! 131 
In fllj^cace 356 337 449-456 
Tnjelliecnce Ladder of 429 
imelll'eace tests 440 441 442 443 449 
451 

Iajies Wilbam 409 418 419 
Jardm dts Phn'ts Paris 14 [see a’so 
Garden of Plants) 

Tat a ape man 64 69 307 

Jiw Loner Eiolution of Mans 30j 

111 Shnke 145 

jefivfish 30 31, 83 93 93 120 128 173 
208-209 

Jenner Ldivard 471 472-474 
Joints of the bodj 33b 
Jones Dr Ernest 431, 439, 447 
J une C G , 447—149 


KAKOAitoo 42 59 78 78 84, 84, 85. 90, 
93 100 101 125 192 220 
Kant Immanuel 415, 415 
Kelinn Lord 11 12 
Kidneys 343 343 
Kmg crab 32 71 72 
Kmgsley Charles 18 22 
Kiwi 110 112 117 163 
Koala 78 79 102 220-221 
Koch Robert 404 476 
Kruger Rational ParP, 232 236 


UnraiRD 178 230 231 232 
Lady of Lloyds (sKull), 312 
Lamarck Cheyalier dc, 14 15 
Lainnaria 268 

Lamprey 33 70 76 155 186 210 
Lampshells 70 72 94 
Lancelot 33 70 

Langerhans Islets of (glands) 367, 368 
Latin race 321 
Leaf Section of 242 
Leches 17o 210 

Leeuwenhoek Anton) van 466 466 
Leibnitz, Gottfned w , 414 415 
Lemmings 208 

Lemur 64 114, 115 125 160 184 
Leonardo da Vmci 13 14 27, 461 
Leopard 74 185 186 
Leucocytes 347 
Lice 210 235 
Lichens 275-276 
I ife Duration of 167-172 
Limbs Parts of 335 
Limpet 130 154 178 
Limpet Slipper 226 
Ling 86 161 171 
Linnxus Carl son 275 296 
Lion 74 74 90 124 136 146 147 161, 

162 169 106 202 204 206 
Lister Lord 273 398 476 
Lnards 41 42 47 81-82 96 101 103 

104 110 115 117 118 122 123 125 

129 la7 184 217 
Lizards Flying 180 
Liraids Frilled 134 
Liiards Monitor 44 62 140 164 
Llama, 8a 87 
Locke John 412 414 415 
Locomotion Aquatic, 103 
I^sts 193 217 229 230 282 
Lobster 100 109 117 120 171-172 173 

185 ISb 187 188 203 227 
Lungfish 37 38 197 
Lungs, 96 345 34^ 343 349 349 


McDouoaiu, Mm, 428 430 
Mmnvyj is pyri/rra, 278 
Magpes 157 134 

23i 20( 335 401 
Majp ghi llarcello 46b 
' Jthus Res T R 75 15-16 
Ma-^mats 94-S3 88 Sa 90 IS"* 

Mimnuls characteristic of Af-ica 56 
'13- -Ms characteristic of A n 54 
' in-na s characteristic of Europe 5j 
'lammals, characteristic of North America 

^^*~99ls, characteristic of South America 

Mammothv "s Pat 77 23 62 
Kan, Brain ot, U4 125 


^Ian FamDv tree of 2^-315 
Man \ iabilxt\ of 167 
Man and an Endin'* Smiilanti'*s tK*t^een, 
331 337 

Man^^cs 245 245 
Mankind Races of 317-330 
Mantids 131 13S 
Mantis Pra\mg 13a 133 
Marmoset 125 126 14S 162 16S 
Marmots Prainc 160 207 
Marsupials 57 77 54 64 
Mastodon lizard 3S 
Mastodon pit m Central ^sia 23 
Mastodons 13 62 
Mastodons Shovel tusked 59 
Maternal mortahtj rale 404 
Marimba 215 

Mediterranean type 318 318 321 323 321 
326 327 329 

Medulla oblongata 357, 3a7“3a8 
^fegathenum 59 

Mendel \bW Johann Gregor, 14 15 2S3 
284 2S5 378 
Menstruation 353 369 
Micro organisms 374 376 
Microscopes 3a0 

Milk Precautions taken to ensure punt> of 
370 

Millipedes 35 

Mistletoe 247 249 

Mitchell Sir Peter Chalmen, 167 

Mites 199 214 

Afoa, 60 €0 220 

Mole 98, 113 15S 159-160 

Mole, Star nosed 117 

Mole cricket 98 

MoUuscs 32, 33 88 89, 94 95 118 121 
137 172 

Mongolian type 318 319 324 326 323 

330 

Mongolian wild horse 68 71 (see also Hor e) 
Mongoo<«2 233 

Monkej-s 64 85 103 112 120 125 148 

151 159 I6I, 193 193 194 204 205 

206 217 218 299 300 306 314 

Monkey Guenon 112 
Jfonkej Honler 146 149 
Monke> Night of Guiana 1€2 
Monke>, Proboscis 112 
Monkey, Rhesus 163 
Moake> Snubnosed 112 
Monkey Squirrel 126 
Monkey, Woolly 102 103 106 
Monkey nut, 262 
Moose 112 

Morgan C Lloyd 422 422 
Morphology 302 
^fosasaurs 44 

Mosquito 117, 119 121, 234, 235 400 401 

Moss Iceland 276 278 

Moss Irish 268 270 

Moss animals 93 

Mosses 267-268 

Moth Coco nut 232 

Moth Dnnker /// 

Moth Humming bird hauk, 257 2o9 

Moth Havvk 138 

Moth Oleander Hawk 111 

Moth 0^1 179 

Moth Proraetfaca 165 

Moths US 132 139 259 

Moths Wing 131 

Moustenan Man 310 311 

Mud skipper 9o lOl 

Mullet Grey 197 

Muntjac, 192 

Sluscular system 332 336 33^ 338 372 

Jluskrat 220 223 

Mussel 1S6 213 

JIussel Edible 210 

Mussel Zebra 227 

Navdi bear 2S 
Narwhal 192 
Nautilu’^j^ 32 32 

Neanderthal Man 65 66 303 30 'i 310 
310 311 312 313 314 31S 329 
Negroes 323 324 32o 327 329 330 
Ncrvou«i <;vstcm 332 3oa-3o9 559 
Newt 3S-39 50 9o i22 140 171 
Nightjar^ 133 

Nordic tv-pe 320 321 321 322, 323 324 
326 330 

Ncxes 117 564-355 
Nutria fur 222 
Nutrition 372-376 

Oak, Section of an, 266 
Octopus, 95 115 129 173 173 1S7-1SS 
183 

CEdipus complex, 43S, 439 439 


Orapi 28 59 1 15 
Opium popp'> ^3 
Opo'-sum 35 7b 103 106 
O ang utan 97 ^ 103 I4o 7/9 150 151 
168 204 29Q 310 
OTbid I08 261 
O’xhid Epipl'lie 273 
Or If o/6P'‘ irs (D-nvin) 16 18 2'>9 
Onol'^ 1 d7 1o3 
Os cerer X lOI 

Ostnch 49 ro GO S4 ^9 $9 143 157 
163 IC9 17t 
Otters 101 103 173 
Onen Sir Richard 20 22 GO 
Owl Arctic, 20Q 207 
Owls IIS 170 
Ox in 125 767 16S 
Oxp^'clcr 48 20s 
Oxvgcn lent 395 

Oyster 81 S2, S3 173, 173 1S5 lOT 210 
22b 


Panda Giant, 128 
Pandas 123 

Pangolin 55 102 104 (set also Ant eater, 
ScaU) 

Papuans 328 329 
Parachuting animals 184 
Parasitism 207 
Parathyroid glands 357 363 
Paid Ambroisc^ 463 463, 464 
Paryasaurus haini 41 
Parmentier Antoine 292 294 
Parrot, llO 115 170 
Partridge 162 194 

Pasteur Louis 272 273 274, 275 473 
475-476 

Pavlov IvanP 196 420 422 42b 
Peach Hiiry 285 
Peacock 12b 130 145 150 
Pcarh Nantilus 32 
Peat Stacks of 2^5 

Peckham Health Centre i05 405 403-4r 
Peking Man, 307 308 309 310 311 3 


314 

Pelican 775 145 147 193 
Penguin 88 89 89 103 104 114 141, ir 
Perches 197 
Petrel 9 155 
Phalarope 142 145 
Pheasant 128 757 222 
Pheasant, Argus 143 144 145 
Pho^QCCtyriiS spxnxceps 139 
Phyla 92 
Pig 85 in 112 
Pigeon 125 223 
Pigeons \anetiesof 67 
Piltdown Man 301, 303, SOS 308 309 3b 
312 314 

Pitcher plant 247 249 

Pithecanthropus 308 303 309 311, 312 3 

Pitmtarv gland 3b7 358 368 369 377 

Piaccnli b4 3o3 

Plane tree 251 283 

Plane tree Flowers and fruit of 254 

Plankton 128 199 

Plant breeding 281 -293 

Plant Kingdom 237-^S 

Plants 39 91 

Plants Anatomy of 265-280 
Plants Breathing of 244 
Planfi Man and 295-29S 
Pl-nts Reproduction of flowering 2oI--'- 
Plato 410 411 424 
Plum 286 289 
Pollack 109 
Polyps 30 51 
Poivtoma 279 
Pond life 70 
Poplir WTiite 283 
Population probl'‘ais 15 
Po-cupm'‘ 86 103 106-107 110 146 
PoTXDi^ 59 ni 725 125 220 
PoUto 240 244 24^ 266 257, 290 
292 

Praiie Hen 142 145 775 

Prawn, 129 209 

Pmwn Bu*^'virg 95 154 

Pr'^nj^a 258 2o8 

P*os a e gland 331-352 

Pnj 0 oa 92 233 

Psvcho anal'" iv 4'“/9-4in .,3l--,43 

Pwcl '-'gv -» 17-4^3 

Plnr^ can 12S 

P cm^odon O c dn’»^l v t7 

^tcn>d~c vis 45 -.S 39 

Pu^-pcml 'cv*e- 404 

Pu«n 145 145 147 157 203 

Pvrzuea 372 326 329 

Pytharo-as 410 411 

Pnlsca. 112. U9 218 



480 


INDEX 


Quagga, 220 
Quinine, 296 

Rabbit, 77, 90 102, 105. 112, 125 162, 
207-20S 222 
Radiolanans, 24, 25 
Radium 26 

Rat, 86 90 169 217, 222, 233 
Raj-s, 83 123 1S6 
Ravs, Sting, 121 
Rays Torp^o, 123 
Red n\ er hog, 85 
Reflex action, 358 358 
Regeneration, 81-82 
Remdeer, 20-1, 217 
Remora 209 218 
Renomier C B 418 
Reproduction, 332 351-353 
Reproduction Sexless, 80-Sl 
Reptiles 81-82 84, 140 156, 164, 170, 178, 
ISO 188 195 

RepUles Age of 24, 32, 40, 41, 45, 48, 50. 
104 

Respiratorv system 332, 348-350 
Retina 360, 361, 362 
Rhazes, 460 
Rheumatism, 398-100 
Rhmoceros 28 57, 62-63 63, 85, 106, 107, 
112, 168, 169, 176, 192 208 
Rhipiphorus paradoxus, 213 
Rhodesian Man, 303, 304, 312, 312, 314 
Rice 295 376 
Rickets, 374 

Rodents, 57, 85-86, 160 181, 190, 193, 206 

Root h-urs 239-240, 240 

Ross Sir Ronald, 399 401 

Rotifer, 92, 152, 152 185 

Rust fungus on barley 288 

Saiamabder, 37, 38-39 39 

Salamander, Japane-e, 164, 171 

Salmon, i25 139 155, 177, 225, 226 227 

Salt bush, Australian, 264 

Sand hoppers, 78, 80, 80 

Scallop 118, 185 

Scent, Courtship and, 146 

Schisastega, 268 

Schopenhauer, Arthur, 12, 415 

Scorpion, 137, 138 

Scorpion, Great Water, 126 

Sea-con, 62 100 

Sea cucumber, 93 120, 209, 21 1 

Sea elephant 773,113 

Sea fan 83 83 

Sea horse 101 130 134, 165 166 

Seal 91, 103, 148 

Sea bon, 85 86 103, 161 169 

Sea scorpions, 32-33 34 35 88 

Sea squirts 31, 69-70, 70, 130 185 

Sea urchm, 31, 70 93 94, 94, 186 

Semen, 351, 352 353 

Semmelneis, Ignaz Phihpp, 474-475 

Sense organs 360-365 

Senses The 108-119 

Sensitne plant, 239 

Sequoia &1, 276, 278 

Seraetus 462 

Sex, the dnaang force 80 

Sex ratios, 82 

Sex rea er^ 82 

Sexual umon 351 

Shark, 35, 44, 83, 121, 180, 186 187, 209, 
210 

Shark, Goblm, 36 

Shark, Port Jackson 36 

Shark, Thresher, 101 

Sheep, 106 146, 168 204, 234 

Shren, 113, 114 ISO 

Shrew Teurce 106 107 

Shrikes Butcher, 194 

Sight, Mechanism of 118 352,362 363 

Simpson, Sir J Y , 471, 476 

Sinhalese Race, 323 

Skate, 123 197, 210 

Skeleton Human 332, 333 

Skm 342-343 343 

SkuU 334 335 

Skulls Anaent and Modem, 301 
Skunk, 128 146 
Sleep Kmds of, 196-197 
Sleeping sickness, 235 
Sloes, 286 289 

Sloth 59, 61, 97 99 101, 702, 102, 106, 112, 
114, 128, 130, 177-178, 205 
Slums, 402 

Smell, Mechamsm of, 364 364-365 
Snail, 33, 115, 154, 176, 178, 197, 199, 
264 

Snake, 103, 110, 112, 115, 116, 122, 140, 
170, 176, 189, 190, 217 
Snake, Coral, 132 


Snake, Hog nosed, 134-135 
Snake, Rattle, 207 
Snake, Tree 129 159 
Smpe, 110 145 222 
Soaety Animal, 199-216 
Society for the Preaention of Cruelty to 
Aiumals, 224 
Sohtaire 49 60 220 
Sparrow, 84 158, 222, 223, 223 
Spartma, 264, 28S 
Spearman C E 449-150 
Speech, Mechanism of, 365-366 
Speed chart, 177 
Speeds of animals, 176 
Sperm, 773 

Spermatozoa 351, 352, 352 
Sphagnum 268 

Spider 121 138 154, 180, 203, 214 
Spider, Golden, 722 
Spider, House 722 
Spider Orchid 131 
Spider, Red 232 
Spider, Trapdoor 160 
Spmal cord, 357-358 359 
Sponge 30, 81 81, 83, 92, 185 
Springbok, 206 
Squa Gull, 123 
Sqmd 89 115, 738 188 193 
Squirrel 102 160 184 194, 220, 262 
Squirrel Flymg 184 184 
Squirrel, Grey, 106, 223-224 
Squirrel, Tent peg 133 
Starfisher 31-32, 32 33, 81, 93, 94 94, 118, 
209 210 

Stegosaunans 42 101 
Stegosaurus slenops 44 
Sterilization, 388 389, 390, 391 
Stickleback 139 164 234 
Stomach 339 340 342 
Stork, 146 159 228 230 
Stork, Adjutant, 146 146, 193 
Stork s bill (plant) 2b2 
Sugar beet, 2SI, 284 
Sugar cane Hawaii 230 
Sundew, 246 247 
Sunbght, Artificial, 393 
Sivallow, 157, 177 182,228 
Swallower, Black, 193 
Swift 89 
Swam bladder 96 
Swordfish 177 
Swordtail fish, 82 
Sycamore, 261 283 
Sy denham, Thomas 467-468 
Syanbiosis 207 
Syphilis 404 

Systems of the human body, 331-332 

TAas 100-104 
Tarsier 99, 725 
Tarsius 64 300 
Taste, Mechamsm of 365 
Taungs 306 
Tear gland, 360 
Technid flics 232 
Teeth, 339, 339 
Teeth used as tools, 99 
Telescope-cy cd fish 69 
Termites, 120, 154, 199, 202-203, 204, 
236 

Terrapin, Mata mata, 195, 195 
Testes 369 
Thrush 218 

Thyroid gland 367, 368, 369 
Tiger 90, 127, 129 
Tiger Sabre tooth, 78, 90 
Tinamous, 163 
Tit 157 

Titanotheres 59, 59 
Tilicacan, 330 
Toad 39 96 122 140 171 
Toad, Midwafe 164 164 
Tobacco 240, 271, 274, 274 
Tomato 243 

Tongue 113, 115, 355 360 365 
Tortoise, 41 46,60 190 210,220 
Tortoise, Giant, 167 170 
Tortoise, Greek. 170 789 
Totem and Tabu (Freud), 432 
Totem poles, 431 
Touch Sense of 108, 360, 361 
Trachodon tntrabilts, 43 
Trade Umon moa cment, 395 
Trades Union Congress 398 
Traael Modes of, 173-184 
TrawUng Steam, 228 
Tree, 250 265, 296 
Tree, Californian Big 280 
Tree, Japanese Dw^, 278 
Tuatera, 156 
Tnlobiles 32 


Trout, 155 
Tsetse fly 235 

Tuberculosis, 376 381 392 400-401 ' 

Turkey, Austrahan Brush 163, 164 
Turtles. 41, 46 140 141 161, 190, 195. 
210 ' 
Twans 381, 382 
Typhoid feaer, 401-402 

Ultra stolet radiation, 11 
Umcom Sea 130 
Umaalaes 154 
Urchms, Sea, 210 
Uterus, 352, 353 

Vagina 353 

Vampire bat 61 

Vantos Islander, 424 

Veddahs 329 

Vegetarians 168, 169 

Veins 346 348 

Venus s Flower basket 93 

Vermiform appendnx 342 

\ ertebral column 332, 334, 334 

\crtebrates 95 104 

Vesalius Andrea 462 464, 467 

Vidorta regia, 278 279 

Vilmorm, M 281 

\ me. Grape, Experiments with, 289 
Violets 243 
Viper, Russell s 218 
\'iscacha 107 194 
\ itamins 372 373, 373 374 375 
Vohoz, 26S 269 
\ oronofTs operation, 369 
Vulture, 169 

Wallace, Alfred Russel, 15-16, 20 

W allunnkukk, 156 

Walnut, 282 

Valton Isaac, 110 

Walrus, 190 

Warblers 141 

\\ art hog 193 

Masp 101 121, 124, 126 128, 154, 153, 
199 200, 202 213 
Wasp, Stmg of 131 
Water lUa, Giant Amazon, 278, 279 
Watson, John B 425 
Weapons Amma] 119 
Weapons Reptilian 123 
W'cber, Ernst H 416 
Weeserfish 121-122 
W eeral, Apple blossom 232 
W ce\al. Beech leaf Roller 234 
Whale, 42 55,57, 61 62 90 100 101, 111, 
116 126 130 167, 169 190, 220 
Whale Sperm 90 115 
Whale Sulphur l»ttom, 89 90 
Whale shark 89 
Wheat 285 286 290 295 
Whelk 87 121 153 155 165, 186 209 
Whipsnade Zoo 106 
Willow, Dwairf 278 
Willow herb 260 261 
W istman s W'ood Dartmoor 278 
W itrh-doctor of New Guinea 433 
W'ltherby, H F 227 
11 olffia arrhtza, 278 
W'oherme, 63, lOT 194 
Whmbats 59 78 204 
Woodpeckers 104. 107 114 115 215 
W'ooUey Sir Leonard, 330 
Worms 93 113 118 166 176 185 218 
Worms, Bristle 137, 166 
Whrms Cat 166 
Worms Flat 80 
Whrms Glow 138 138 232 
Whrms Home making 152-153, 152 
Whim tubes 121 
Wrasses 155 186 197 
W'rcns, Desert 159 
Wundt W^ilhelm 418 
Wychelm, 282 

X RA\ photograph, 395 

Yeast, 270, 272 
Yellow feaer, 392 
Yellow Jack 235 
Yellow race, 324 
Yellow Rattle 247 
Yellow spot of eve 361, 363 
Yucca, 258 25S 

Zanoma 263 

Zebra, 77 85 129, 132, 204 

Zebra mussel 86 

Zoological Society of London, 224 
Zuckermann, Dr 205 
Zululand, Natn es of, 299 




